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A Lockheed Martin F-35B prepares to land on the
deck of an aircraft carrier. During short take-off and
vertical landing (STOVL) operation, the F-35B’s
engine control software uses advanced methods to
de-couple a highly coupled engine system comprised of the main engine and a lift fan with a driveshaft attached in between. The result is wings-level,
rock-solid hover and vertical landing performance.
To learn more, read the feature article on page 6.
Photo courtesy of Lockheed Martin
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Top articles

Shielded twisted pair cables

Hybrid copter is first of its kind

W. L. Gore & Associates’ Shielded Twisted Pair Cables reduce weight while maintaining reliable signal integrity. The
cables meet ANSI/NEMA WC27500 standards for aerospace
and industrial
electrical cable,
type 24, and they
maintain highspeed communication between
avionics transmitters and receivers. They are
made from fluoropolymers that reduce cable jacket
weight by as much as 37% when compared to ETFE materials,
and 50% when compared to FEP. The materials also result in
smaller cable diameters, which translate to significantly
smaller, lighter, and higher-density cable bundles. More detail
at http://articles.sae.org/12625.

Regulatory authorities in Germany decided to develop a
new aircraft category called volocopter to accommodate the
new 18-motor VC200. Read more at http://articles.sae.org/
12585.

The range-extender version of the volocopter will have a propeller
behind the cockpit. Shown is the all-electric version.

Atomic force microscopy imaging
Asylum Research’s blueDrive photothermal excitation is
available on its Cypher atomic force microscopes. blueDrive
makes tapping mode imaging simple, stable, and accurate. It
replaces the conventional piezoacoustic excitation mechanism, instead using a blue laser to directly excite the AFM
cantilever photothermally. This results in an ideal cantilever
drive response in both air and liquids, which provides significant performance and ease-of-use benefits for tapping mode
imaging. More detail at http://articles.sae.org/12626.

Two-component electrically conductive epoxy
Made with silver-coated nickel filler, Master Bond EP79FL is
a two-part, electrically conductive epoxy for bonding, sealing,
and coating applications. It has a low-volume resistivity of
less than 0.005 ohm-cm and is suitable for applications in the
electronic, aerospace, computer, semiconductor, and electrooptic industries. In addition to its electrical properties, the
system is flexible upon curing, enabling its use in applications involving thermal cycling, and thermal and mechanical
shocks. More detail at http://articles.sae.org/12627.

Custom dial face designs
Palmer Wahl Instrumentation Group's custom dial
faces—its BiMetal and Direct Drive Dial thermometers, as
well as its pressure gauges with screw-on bezels—may be
customized, no matter the dial size. Customers may submit
their own ideas and artwork, or they may work with the
firm’s in-house engineering services to design a model specific to their application and needs. Options for customizing include dual scales with different units of measure, colored scales, high-visibility markings, color pie-wedge
sectors, bands, or lines. More detail at http://articles.
sae.org/12628.
4

Canadian researchers employ recycled carbon-fiber mats
to produce thermoset composites
Carbon-fiber-reinforced thermoset composites continue to
be difficult to recycle, as they are a complex mixture of different materials such as thermosetting polymers, carbon
fibers, and fillers. Researchers from the Universite Du Quebec
at Montreal, Bell Helicopter Textron Canada, and the National Research Council Canada investigated using carded recycled carbon-fiber mats and epoxy resin to fabricate thermoset composite plates. Read more at http://articles.sae.org/
12559.

Overcoming design challenges of next-generation UASs
Next-generation unmanned air systems will require more
performance and must integrate increasing capabilities for
guidance control, weaponry, and surveillance—all in a very
limited space. Read more at http://articles.sae.org/12546.

Heated air technology helps optimize CFRP assembly
Assembly of large and complex carbon-fiber-reinforced
plastic (CFRP) components requires the use of liquid resinbased materials for applications such as shimming and aerodynamic sealing. These materials generally require curing
times up to 12 h; heated air technology can reduce that time
to 2 h. Read more at http://articles.sae.org/12510.

A holistic approach to aircraft assembly
It is the "automation and tooling partner" who offers a performance-based and advanced manufacturing systems integration approach that offers the next step-change, say Bombardier Aerospace and AIP Aerospace Odyssey. Read more at
http://articles.sae.org/12568.
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Electronics Take Charge
Digital controls are handling more
engine control tasks on a wider
range of aircraft.
by Terry Costlow, Contributing Editor

Pratt & Whitney is linking engine controls to other systems to let the F-35B hover.

lectronic controls are slowly
transforming aircraft engines of
all types, bringing improved
fuel consumption, improved efficiency, and more power. As the functionality of control units for jet engines
increases, digital management is also
adding more capabilities for helicopters
and small piston engines.
Full authority digital engine controls
(FADEC) continue to leverage the advances in semiconductors and software
to improve engine management. As microcontroller capabilities soar, engine
controllers can handle functions beyond the engines themselves. For example, the Lockheed Martin F-35B’s engine controller also manages the short
takeoff/vertical landing system.
“Engine controls can be linked to
other electronic systems on the aircraft
when the engine control is expected to
be the flight control,” said Louis Celiberti, Director of Control & Diagnostic
Systems at Pratt & Whitney Engineering. “During STOVL operation, the F135
engine control is the heart of the integrated flight and propulsion control.
The engine control software uses advanced methods to de-couple a highly
coupled engine system comprised of
the main engine and a lift fan with a

E

driveshaft attached in between. The result is wings-level, rock-solid hover and
vertical landing performance.”
While the F135 represents the high
end for engine controls, digital systems
are also expanding their reach into the
low end. Rockwell Collins is shipping

Helicopter performance is enhanced by Rolls Royce controllers.
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air/fuel mixture and controlling exhaust
gas temperatures.
“Now operators can operate the engine with ease, without having to worry
about completing manual tasks to optimize performance throughout all operating conditions,” said David Vos, Senior Director, Control Technologies, for
Rockwell Collins.
Design teams are also doing more
with ECUs in helicopters. Rolls-Royce
recently deployed a dual-channel
FADEC system on the M250-C47E, the
first new helicopter to be launched by
the company since 2005. The advanced
FADEC helps improve the fuel burn and
cut engine operating costs.

Complex Designs
Whether FADECs are employed on
the simplest recreational plane or the
most advanced jets, design teams face
myriad challenges. Hardware and software must operate efficiently without

Aerospace & Defense Technology, February 2014
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Green Taxiing Machines
The push to trim fuel consumption and emissions may
prompt aircraft manufacturers to adopt some of the electric motor technologies used in hybrid cars and trucks.
Honeywell Aerospace and Safran have teamed up to design a system that uses an auxiliary power unit (APU) to
power planes during taxi operations.
The Electric Green Taxiing System demonstrated by Airbus in Paris, uses a small APU to power electric motors in
the main landing gear so an aircraft can push back and taxi
without engaging its main engines. In short-haul operations, this can trim fuel consumption an average of 4%.
Honeywell APUs already provide power for ventilation,
lighting, and starting engines for many aircraft. In a system set
for production in 2016, the APU will drive electric motors
placed on the two main
wheel units. One wheel
on each main gear employs an electric motor,
reduction gearbox, and
clutch assembly to drive
the aircraft.
Dedicated power elecHoneywell and Safran have developed a
tronics and system con- system that lets planes taxi without turning
trollers let pilots control on their main engines.
an aircraft’s speed and
direction. During development, the design team ran several
tests before many of the components were ready.
“When you’re modifying the landing gear that much,
you need to do a lot with the control circuitry,” said Mahendra Muli, New Business Development Director at
dSpace. “Honeywell did a lot of modeling and simulation
with hardware-in-the-loop, using our system onboard to
control the drive motors.”
Currently, the wheel assemblies add around 300 pounds
each. Honeywell and Safran say that this weight can be
reduced significantly over time. Some of these gains may
come by leveraging the myriad efforts by semiconductor
suppliers to help automakers develop electrified powertrains. Many semiconductor suppliers are adding hardware that makes it easier to drive the high-powered motors needed to move vehicles.
“We added 12 models to our Hercules microcontroller
line, adding PWM for motor control,” said Dave Maples,
Safety MCU Product Line Manager at Texas Instruments.
“That will help people move to brushless motors.”
Brushless motors, which are quieter and use less power
than direct current motors, are moving to less expensive
technologies. NXP Semiconductors is focusing its design
efforts on anisotropic magnetroresistive sensors, which
let motor manufacturers use any type of magnet, not just
rare earth materials now used in many brushless motors.

Aerospace & Defense Technology, February 2014
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Modeling and simulation help Pratt & Whitney design and test the engines used in the F-35.

glitches or failures, forcing engineers to
work overtime to eliminate mistakes.
Software is a primary focus. Many aircraft routinely run several million lines
of code. Increasingly, this software is generated by computer, not programmers.
“As controls get more complex, code
generation tools are gaining attention,”
said Mahendra Muli, New Business Development Director at dSpace. “Advanced automatic code generation tools
are being used to convert algorithm
models into well-documented C-code
used in production controllers with efficiency, repeatability, and high quality,
while easing the process to comply with
stringent standards such as DO178B/C."
Both hardware and software must
continue to run even if other systems
on the aircraft fail. Though many systems share information, they must also
be segregated from each other so problems in one subsystem don’t cause errors in a related system.
“Engine controls should be isolated
from other systems when a level of system redundancy is required to achieve
flight safety requirements,” Celiberti
said. “Systems require isolation to ensure cross contamination does not take
place and allow secondary systems to be
deployed when primary systems fail.”

Enhanced Development
Ensuring that software and hardware
operate efficiently in all conditions requires plenty of planning and testing.
Modeling and simulation have become
common tools, facilitated by hardwareand software-in-the-loop testing. Models can be used to improve engine performance.
“The benefits come from the precision of scheduling control effectors (actuators, valves, etc.) to meet dynamic
performance and steady state scheduling requirements while maximizing system safety and reliability. This is all facilitated by high-fidelity, onboard
model predictive control technology,”
Celiberti said.
These virtual tests have helped engineers find faults in components and discrete systems for years, but simulations
were often limited to fairly small elements. More powerful computers and
improved software now make it possible
to see how multiple subsystems work together to spot problems before costly
physical prototypes are built.
“With capabilities for simulating bus
communications over various standard
communication bus interfaces such as
ARINC 429, 1394B, and Ethernet, the
entire system can be simulated without

10
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the need for real components,” Muli
said. “This is helping reduce costs in development as more and more testing on
the test bench is helping catch errors
early on.”
As designs move forward, physical
testing will be added. Hardware- and
software-in-the-loop let test engineers
combine the physical components and
systems that are ready with models.
These tools continue to evolve, addressing changes in regulatory requirements.
“DO-178B regulations have prompted
some to revisit some of their tooling,”
Muli said. “We’ve got tools that provide
a way for companies to qualify their
test environments.”
While virtual testing brings many
benefits and helps shorten development
time, it’s not the end all. Developers
strive to reach a point where flight tests
serve to prove the validity of virtual
tests. While modeling and simulation
make it possible to eliminate some testing, these flight tests are in no danger
of disappearing.
“Demonstrating this technology in a
simulation environment is one thing;
flight clearing it for use in a commercial
or military aircraft via FAA and DOD
software qualification requirements is
another,” Celiberti said.
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Optically Transparent EMI Shielding for
Defense and Aerospace Applications
odern electronic devices and
computing equipment are
often integrated with wireless
capabilities which utilize
multi-bands for high speed communication, as well as high speed circuits and
high definition graphical displays that
operate at a wide range of frequencies.
As such, hardware systems are becoming
increasingly complex, resulting in products that are highly sensitive to electromagnetic interference (EMI). The vulnerability to EMI is further heightened
when multiple components are packed
close together within the device due to
space, size and weight constraints. As
such, traditional shielding methods that
employ materials like thick metal Faraday cages are not always practical due to
their heavy weight and bulkiness. Despite its complexity, managing this interference and increasing the resilience of
components, interconnects and subsystems within the device is crucial to ensuring reliability and functionality.
For aerospace and defense applications, the requirements for EMI shielding will be more stringent as the shielding structure and material should also
withstand potential high power EM at-

M

tacks such as electromagnetic pulse
(EMP) and electrostatic discharge (ESD),
which can result in electrical short or dielectric breakdown. Today, an increasing
range of military equipment and avionics have displays; shielding EM interference through optical paths such as cockpit windows, displays on global
positioning systems and vehicles, touchscreens on advanced avionics equipment
and computer screens, pose an even
greater challenge as the optical transparency of the material is as important
as its shielding effectiveness. As such,
there is high demand for EMI shielding
materials that are resilient to extreme
environmental conditions, lightweight,
optically transparent and provide military compliant shielding performance.
Transparent conductive films are used
for EMI shielding on displays and
touchscreens to reduce radiofrequency
interference (RFI). Today, Indium Tin
Oxide (ITO) is one of the incumbent
materials commonly used for this purpose, but shielding effectiveness is limited to 35dB or less, depending on the
radiofrequency. The shielding effectiveness of other optically transparent materials, such as conductive polymer, car-
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bon nanotube and graphene, provide
less than 20dB attenuation. While
shielding results of 20 – 35 dB may be
sufficient to prevent interference from
low power consumer electronics, this
performance does not meet the EMI
shielding requirements for defense and
aerospace applications.
“Advanced composite materials are
replacing metal in a wide range of applications, in particular for aerospace,
due to its attractive properties like light
weight, high stiffness, dimensional stability, and chemical/temperature resistance,” commented Steve Hanson, President of Precision Gasket Company
(PGC), a leading EMI shielding solutions provider for military and global
corporations. “Unfortunately, advanced
composite materials do not provide
shielding levels close to the performance of metal and EMI shielding is becoming one of the major challenges in
aircraft designs.”
At present, the most promising optically transparent EMI shielding solution for defense and aerospace is metal
mesh, which is a cross-hatched wire
network formed by micrometer-sized
metal wires. Metal mesh with wire spac-
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Figure 1. SANTE® Technology Self-Assembly Process

ing and conductivity that is optimized
for the targeted frequency range can
achieve shielding effectiveness of more
than 60dB. In principle, metal mesh
wires can be developed to be thin
enough to become invisible to the
human eye. This would require the
amount of light shaded by the micro
wires to be engineered to less than 10%,
or more than 90% light-through without substrate. Thus, the total transmittance of metal mesh with a film substrate can be higher than 80% if light

reflection from the substrate can be
minimized. However, in practice, at
large-area, high-volume manufacturing,
the micro wires are typically thicker and
visible to the human eye. Additional
drawbacks of this technology are its
complicated, high-cost, precision manufacturing process. Another challenge
when using metal mesh for displays is
moiré, or the visible interference pattern that results from placing the metal
mesh on the LCD panel in a non-optimal position to the liquid crystal pixels.

Next Generation Metal Mesh
Solution
An innovative new solution, SANTE®
Technology, provides not only the EMI
shielding performance of metal mesh,
but it can also be mass produced
through a standard wet coating, roll-toroll manufacturing process for higher
throughput and volumes.
SANTE® Technology is a self-assembling nanoparticle technology for transparent conductors. SANTE® EMI shielding films are manufactured by adding
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pure nanoparticles (< 50nm in size) into
an emulsion consisting of water, solvents, and chemical bind ers. A thin
layer of this emulsion is wet coated
onto a substrate such as PET film. Under
ambient conditions, the solvent and
water evaporates, and the emulsion selfassembles into a conductive network
with a dense array of random nanoscale
pores (Figure 1). Within a few seconds,
the silver nanoparticles come together
into agglomerated, interconnected, micron-size metal wires with line width of
approximately 5-8 microns, height of 35 microns and pore size ranging from
250-350 microns. The mesh, also
known as the SANTE® Network, shades
5-10% of light on the coated surface depending on the formulation. Coupled
with a film substrate, the total transmit-

tance is between 80% - 88%. To view a
video of this self-assembly process, go
to: www.techbriefs.com/tv/SANTE.
The SANTE ® Technology formulation used varies for applications depending on the requirements for
shielding effectiveness, conductivity
and transparency. For applications requiring higher attenuation, the
SANTE® Network can act as a seed layer
for additional metal coating. This postprocessing step, or electroplating, customizes the optical and electrical properties of SANTE ® Films for targeted
applications. Other post-processing
steps include sintering or densification,
which engineers the RF current flow
and the skin depth to improve shielding performance at a wider range of RF
frequencies. Adding multiple layers of

SANTE® Film can also further boost its
overall shielding performance.

EMI Shielding Performance
EMI shielding effectiveness is heavily
dependent on conductivity and surface
resistance – lower surface resistance and
higher conductivity results in better
shielding performance. Figure 2 shows
the surface resistance achievable by
SANTE® Technology and the corresponding shielding effectiveness for
EMI/EMC frequencies of 30MHz to
1.5GHz, as measured by the ASTM
D4935 standard. Typically, an attenuation of 40dB or less is sufficient to meet
the EMI/EMC shielding requirements of
consumer electronics and industrial applications. Defense and aerospace applications, on the other hand, require

Integration of SANTE® EMI Shielding Films
SANTE® EMI Shielding Films can be integrated onto
most displays and touchscreens, including resistive and
projective capacitive, via lamination on either the front or
rear surface of the display.
In addition to being a material for
EMI shielding on displays, SANTE®
can also be used as a transparent wireless antenna for Bluetooth, WiFi and
LTE networks. SANTE® Films can also
function as a transparent conductor
for capacitive sensors with direct and
proximity touch capabilities to enhance the user expereince.
Finally, SANTE® Film is transparent enough to be laminated on glass
for shielding the lens of a surveillance camera. It’s conductive network can also be transferred from
the original PET film onto a new sub-
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strate like polycarbonate, PC/ABS, or PMMA by adding
an adhesive resin, thus providing a solution for integrated EMI shielding.
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ing a full enclosure that forms a
Gaussian sphere to shield the
70
outside from the inside. However,
Defense &
the challenge comes when EMI
60
Aerospace
Applications
shielding is required for the dis50
plays on these equipment. Un< 0.1 Ω/sq
40
like materials used in other parts
Consumer
Electronics &
< 1.0 Ω/sq
of the device, displays require a
Industrial
30
Applications
< 4.0 Ω/sq
shielding material that is trans20
< 10.0 Ω/sq
parent.
Another application which reAreas Where
10
quires a transparent material is
Transparent EMI
0
shielding for glass doors and winShielding is Required
10
100
1000
Frequency (MHz)
dows. Many military bases today
Today, advanced debuild shielded rooms to ensure
fense and aerospace equip- Figure 2. SANTE Technology Shielding Effectiveness
confidential information disment such as digital vicussed within is not communicated to
dB higher than that of consumer and
sion systems, military autonomous
external parties.
vehicles, surveillance devices, handheld
industrial applications, as shown in FigThis article was written by Chanure 2. Without proper shielding, miliGPS systems, tactical radios, and
darasekaran Krishnan, Senior Applications
ruggedized computers have displays
tary personnel using such unprotected
Engineer, Cima NanoTech Pte. Ltd. (Singawhich emit radiation that may not fuldevices risk sending an unwanted sigpore). For more information, visit
fill the required military standards
nal which alerts others of their locahttp://info.hotims.com/49742-500.
(MIL-STD-461 and MIL-STD-464); the
tion. In most cases, radiated emission
shielding effectiveness required is 20-30
levels can be easily reduced by design80

Shielding Eﬀectiveness (dB)

shielding of 50dB and
above. Cima NanoTech is
currently developing a
new series of EMI shielding films with surface resistance less than 0.1/sq
for applications which require higher shielding effectiveness.
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Pumped Two-Phase
Cooling for Thermal
Management of
High Heat Flux
Electronics

the working fluid can be controlled.
coolant to the heat transfer surface that
umped two-phase cooling proThe preheater heats the subcooled liqpostpones dry-out.
vides a compact, low pumping
uid exiting the condenser to a temperaA schematic of a typical pumped twopower option for thermal manture close to the saturation temperature
phase cooling system is shown in Figagement in high heat flux applibefore it enters the evaporator/ heat
ure 1. Key components include a pump,
cations (300-500W/cm2). Compared to
sink. This is important as boiling heat
preheater, surge tank, evaporator/ heat
single-phase convection, significantly
transfer is most efficient at saturation
sink, condenser and accumulator. The
higher heat transfer coefficients can be
(minimal subcooling).
surge tank and the preheater differentiachieved at substantially lower flowrates.
For the sake of illustration, represenate this system from a conventional liqTwo-phase cooling also provides a high
tative experimental results on the cooluid cooling loop. The surge tank condegree of isothermality, which is imporing performance of a pumped two-phase
sists of vapor and liquid at saturation;
tant in many applications such as lasers
cooling loop are presented here, along
by controlling the pressure in the tank,
whose emission wavelengths are temperwith some practical considerations conthe saturation (boiling) temperature of
ature-dependent.
cerning the design and operation of
The phase change (latent heat) of
two-phase cooling systems.
the coolant enables two-phase systems to handle high heat fluxes with
low pumping power compared to
Experimental Hardware
single-phase systems for a given heat
The laboratory test setup shown
load. Two-phase cooling systems are
in Figure 2a is outfitted with a copprone to flow/ thermal instabilities,
per minichannel heat sink having
yet engineering solutions are availoverall dimensions 20.4mm ×
able to address such issues. Specifi12.3mm × 6.0mm with 8 rectangular
cally, two-phase systems are not new
channels each having a hydraulic diand techniques to effectively manameter 1.8 mm and a channel aspect
age instabilities have been studied
ratio (H/W) of 2.8 (housed within
and are available, including the apthe Test Section Assembly). The heat
plication of engineered microporous
load applied to the heat sink was
coatings on the heated surface(s),
simulated using a copper heater
evaluated in this study. The porous
block containing cartridge heater incoatings considered here enhance
serts. As shown in Figure 2b, the
the boiling performance by increasheater block narrows down to a
ing the nucleation site density and
pedestal through which heat is transprovide a capillary-driven mecha- Figure 1. Schematic of a pumped two-phase cooling system ferred to the heat sink. The heat flux
nism for resupplying the liquid/ showing key components.
applied to the minichannel heat sink

P
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is approximated by the product of the
thermal gradient (ΔT/Δx) measured
with thermocouples positioned along
the pedestal length using the 1-D heat
conduction formula

where

kc is the thermal conductivity of the
copper heater block.

Boiling Enhancement Coatings
Micro- and nano-textured porous surface coatings can help stabilize boiling
and suppress undesirable flow oscilla-

tions 1, 2. In addition, the use of coatings in pool boiling experiments have
been shown to lower wall superheat ΔT
(difference between the wall temperature and the saturation temperature of
the coolant) for a given input heat flux
as well as increase the Critical Heat Flux
(CHF)3. In the current study, the performance of porous coatings was evaluated in flow boiling conditions where
both nucleate boiling and forced convection play important roles. Images of
select uncoated and coated heat sinks/

evaporators considered in this study are
shown in Figure 3.

Results
The thermal performance of coated
and uncoated minichannel heat sinks
was evaluated in the pumped two-phase
cooling system shown in Figure 2. The
heat transfer coefficient (HTC) [W/m2K]
and the Incipient Wall Superheat [K]
were evaluated as a function of the input
heat flux and coolant mass flux [kg/m2s]
using refrigerant R134a. Here, the HTC

Figure 2. a) Experimental pumped two-phase cooling system; b) test section containing a minichannel heat sink/ evaporator, housing and heater block used to simulate the heat load.

Figure 3. Minichannel heat sinks (a) without coating, (b) with porous sintered powder coating, and (c) with epoxy-based boiling enhancement coatings prepared
compliments of Dr. You at University of Texas Dallas.
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was calculated using a one-dimensional
resistance model that yields

q

Ts T f
Rb  Rc

.

Here, Ts is the average temperature of
the heat sink base, T f is the average
fluid temperature (average of the inlet
and outlet temperatures) and Rb and Rc
are the thermal resistances of the copper
base and channel. Notably, Rb = thickness of the base/thermal conductivity of
copper and

where

Ww is the fin width, Wc is the channel
width, ζ is the fin efficiency (function of
HTC) and Hc is the channel height. Substituting the experimentally measured values,
the equation was then solved for the HTC.

Figure 4a shows the HTC versus heat
flux for a fixed coolant flowrate (0.6 gpm
equivalent to a mass flux of 1400 kg/m2s).
Results of a bare copper heat sink and a
coated (sintered copper powder – mesh
200-230) are compared. As shown, HTC
depends on the input heat flux. Regarding the effect of the microporous coating, it can be seen that the HTC increases
by as much as a factor of 2 with the application of the coating. Also note that
the coating has a negligible effect on the
pressure drop across the heat sink since
the coating is very thin (order 100 microns) relative to the channel dimensions. Additionally, the HTC as a function of mass flux is plotted in Figure 4b.
At low heat fluxes (i.e., 40W/cm2), HTC
does not vary much as a function of mass

flux. This is characteristic of nucleate
boiling. However, at high heat fluxes
(160W/cm2), the HTC increases with increasing mass flux, characteristic of single-phase forced convection.
The incipient wall superheat is also
plotted in Figure 5a as a function of
input heat flux on coated and uncoated
(bare) heat sinks. As shown, the coating
enhances the thermal performance of
the heat sinks as evident by lower values
of incipient wall superheat; this means
that an electronic device mounted on a
two phase heat sink with coating can be
maintained at a lower temperature compared to one that is mounted on an identical uncoated heat sink. In Figure 5b,
the Critical Heat Flux (CHF) is reported
for three different surface coatings (lower

Figure 4. (a) HTC as a function of input heat flux for a coated and uncoated (bare) minichannel heat sink and (b) HTC as a function of coolant mass flux for a coated minichannel heat sink with two different applied heat fluxes (40W/cm2 and 160W/cm2)

Figure 5. a) Incipient wall superheat is lower for coated heat sinks; b) CHF increases with application of coatings.
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mesh numbers correspond to coarser coatings having larger
particle sizes) and compared to the baseline (no coating). This
means that the coating enables the heat sink to handle higher
heat fluxes before drying out, at which point the heat sink can
no longer efficiently dissipate the high heat fluxes. While all
coatings increase the CHF above the baseline, there is an optimum coating that provides the best performance for the heat
sink and operating conditions tested. In other words, coating
thickness, particle and pore size of the coating need to be optimized for a given application.
In short, coated heat sinks have higher heat transfer coefficients, lower wall superheat, and higher CHF than uncoated
heat sinks. Moreover, temperature and pressure fluctuations
(not presented) in the heat sink/ evaporator are suppressed
with the coated heat sinks, thus enabling accurate thermal
control and isothermalization of high-power electronics and
laser diodes.

Summary
Pumped two-phase cooling systems can handle very high
heat fluxes, operate with small pumps (low pumping power),
and can be designed to be compact and reliable. At ACT, efforts
are underway to develop an ultra-compact two-phase cooling
system for ground and air-based platforms. In this study, the
heat sink temperature for all cases considered (heat fluxes as
high as 320 W/cm2 or ~105 W/cm2 on the wetted surface) was
maintained below 90°C (with a condenser temperature of 30°C).
Among other benefits, a two-phase system allows for precise
control of the boiling temperature, which in turn enables accurate control of the device’s operating temperature.
Flow boiling heat transfer on minichannel copper heat sinks
was evaluated as a function of coolant mass flux, input heat
flux, and boiling enhancement coatings. The microporous
coatings substantially improve heat transfer by promoting nucleate boiling on the heat transfer surfaces as demonstrated in
the substantial reduction in the incipient wall superheat required to dissipate a given heat flux. For the best performance,
for a given application, special attention should however be
given to optimizing the thickness of the porous coating and its
particle and pore size.
This article was written by Ehsan Yakhshi-Tafti, Xudong Tang,
Pete Ritt, and Howard Pearlman, Advanced Cooling Technologies,
Inc. (ACT) (Lancaster, PA). For more information, visit http://
info.hotims.com/49742-501.
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Thermal Simulation and
Testing of Expanded Metal Foils for
Lightning Protection
With the implementation of major aircraft structures fabricated from
carbon fiber reinforced plastic materials, lightning protection has become a more
complicated issue for designers and engineers to solve.
racking of coatings and surface
layers is evident on a variety of
structures including buildings,
automobiles, and aircraft. In
some situations, the appearance of the
coated or painted surface is degraded
and the aesthetic appeal is lessened.
However, in others, such as composite
aircraft structures, paint cracking is
both aesthetically undesirable and potentially deleterious from the electromagnetic effects aspect.
In the latter case, cracks can propagate
into the structure or around fasteners,
providing a path for moisture and other
environmental species to enter, resulting
in corrosion and degradation of the protection measures including expanded
metal foils (EMF) required for lightning
abatement and safe operation. Consequently, over several decades there have
been numerous efforts and investigations concerning the degradation of surface layer protection schemes.
Cracking typically develops over extended periods of time due to environmental factors and thermal cycling of
the surface layers and substructure. The
thermal cycling of aircraft is a direct result of the typical ground-to-air-toground, often repeated, flight cycle.
Subsequently, stresses accumulate in
the coatings, eventually leading to failure of their protective functionality.
There are several contributors to the
stress buildup, including the paint,
primer, corrosion isolation layer, surfacer, EMF, and the underlying composite substructure. Boeing recently did a
study that focused primarily on the EMF
contribution to the cracking mechanism.
A representative surface layer protection scheme was addressed that was com-

C

Figure 1. Representative surface protection scheme modeled using COMSOL Multiphysics. The composite
was modeled as two layers indicated by the red and light blue regions.

posed of the layers mentioned above. The approach
taken was to simulate the
temperature cycle of the layers using a coefficient of thermal expansion (CTE) model
developed with the commercially available COMSOL
Multiphysics software.
The simulation allowed
determination of the thermal stress and displacements
that result from repeated
duty cycles. Though the full
complexity of crack genesis
was not included, some insight could be gained regarding what the sensitive parameters of the EMF may be
and the variations that can
be employed to mitigate the
resulting stress and displacements that lead to cracking.

20

Figure 2. Examples of SWD/LWD ratios from 0.25 to 1.00 for a 1 in2
EMF.
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Of particular interest are the EMF width,
height, aspect ratio, composition (aluminum (Al) or copper (Cu)), and surface
layup structure.
In the case of Al used for EMF, there
is a need for fiberglass between the aluminum and the structure to prevent
galvanic corrosion. Though not the
major thrust of this research, the potential effect on stress and displacement
that results from the glass transition
temperature of the paint layer must be
considered.

Model Solving
Boeing developed a CTE model to
simulate the effects of EMFs incorporated in a composite surface protection
scheme undergoing thermal excursions
using COMSOL Multiphysics software,
a finite element solver that contains a
variety of physics and engineering applications with an emphasis on coupled
or multiphysics analysis.
In particular, Boeing used the Thermal
Stress Multiphysics Interface that combines solid mechanics with heat transfer.
Coupling occurs where the temperature
from heat transfer acts as a thermal load
for the solid mechanics, causing thermal
expansion. The interface has the equations and features for stress analysis and
general linear solid mechanics, solving
for the displacements.
A representative surface protection
scheme was created using the COMSOL
model builder. The layup consisted of
paint, primer, fiberglass, surfacer, EMF
(Cu or Al), and fiberglass on a composite substrate. The height and size of all
the layers could be varied using input
parameters. In addition to geometrical
parameters, the initial and final temperatures could be varied and were chosen
to be typical of altitude and ground, respectively. The strain reference temperature was the initial temperature and a
representative heat transfer coefficient
of 5 W/m2K was used.
In addition to the height and width,
the aspect ratio of the EMF mesh could
also be varied. The metallic mesh aspect
ratio is given by SWD/LWD where SWD
is the short way of the diamond and
LWD is the long way of the diamond,
as described by Dexmet, a commercial
producer of EMF.

Representative Input Material Parameters

Figure 3. Von-Mises stress patterns due to thermal air-to-ground heating cycle. EMF mesh bleed-through
is evident in the central portion of the figure, and relatively large displacement variations are observed
above the metal and voids. Note that the displacements have been magnified for illustrative purposes.

The material properties needed for
each of the layers were the CTE, heat
capacity, density, thermal conductivity, Young's Modulus, and Poisson's
ratio. Many of these parameters have
a dependency on temperature, but for
the simple model references here, researchers used the values across the
temperature range of interest. The
one exception was the CTE of the
paint layer where a step function was

Aerospace & Defense Technology, February 2014

Intro

employed at the glass transition temperature.
The paint had a larger CTE, heat capacity, and Poisson's Ratio than the underlying layers. Among other effects,
this meant that the paint would undergo compressive stress when the layers were heated, and tensile strain when
cooled. Hot materials under stress relax
through creep, but this effect was not
included in this particular model. For
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Figure 4. Relative stress and displacement along EMF profile path indicated in Figure 5 for Al with an
SWD/LWD of 0.50. The arrows indicate the locations selected for the parametric variations to be shown
below. Note that five transition regions appear as delineated by the EMF.

the other material parameters used, the
density, thermal conductivity, and
Young's Modulus were larger than the
paint layer. In particular, for the EMF,
Al has a larger CTE than Cu, and a
smaller Young's Modulus.

Simulation Results
For the purposes of this research, Boeing confined its simulations to heating
over a representative air-to-ground temperature range that the surface protection scheme was expected to perform.
The resulting false color Von-Mises stress
and displacement patterns are shown in
Figure 3. In this figure, the view is from
the top paint layer with cross-sectional
views from the four sides. Obviously,
the displacements have been magnified

to highlight the movement that is induced by the temperature cycle. In the
central portion of the figure, the pattern
of the underlying EMF can be seen.
Variations in the displacement above
the metal mesh and voids are quite evident in the cross-sectional profiles.
Also, high stress (red—high, blue—low)
can be seen in the mesh itself and the
region in the mesh voids where surfacer
material was modeled. The profiles
show that the stress decreases from the
bottom to the top of the surface layers.
High stresses are clearly indicated in the
EMF, where a semi-transparent stress
image was generated.
A more quantitative examination of
the EMF stresses and displacements
could be determined by creating pro-
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files along a selected path through the
metallic layer. For this profile, the EMF
was composed of Al with a SWD/LWD
ratio of 0.50. It was expected that the
profile would show five transitions as
each metal-void region is crossed.
The arrows in Figure 4 indicate central locations where stress and displacements were determined for parametric
variations of EMF SWD/LWD ratio,
width, and height. These determinations were made for both Al and Cu
EMFs. The nominal SWD/LWD ratio
was 0.50. Fiberglass was modeled above
and below both Al and Cu, but in practice is used only below the Al EMF.
For the variation of SWD/LWD from
0.25 to 0.75 for both Al and Cu, the displacement decreased slightly with an
increasing SWD/LWD ratio. A higher
SWD/LWD ratio corresponded to a
more open mesh structure (as shown in
Figure 2), resulting in lower metal density and hence lower weight. Also, inclusion of fiberglass below the Cu increased the displacement.
By varying the EMF width by a factor
of 2.6 for both Al and Cu, the displacement remained essentially constant,
but was significantly greater for Al than
Cu. Varying the EMF height by a factor
of 2.7 for both Al and Cu resulted in a
displacement that increased with metal
height and was also significantly greater
for Al than Cu.
Boeing used a representative temperature dependence of the CTE for the paint
layer to simulate the effect of a shift of
the glass transition temperature, tg, from
within the nominal temperature range to
above it at 350 K. This variation permitted the examination of what occurs if the
paint CTE remains constant throughout
the nominal operating range.
There was a reduction in the surface
displacement of the paint when the tg
was above the maximum expected operating temperature. However, when the
tg was above the operating temperature
range, the paint remained in a more brittle, glassy state, which is expected to be
prone to crack formation. Moving the tg
below the operating range reduced the
modulus that may compensate for the
increased CTE that would occur. Such
trade studies will be the subject of future
simulations using this model.
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Test Results
Quantitative determinations of stress
and displacement were not conducted
in the experimental evaluations. Therefore, no detailed comparisons were possible with this model. However, qualitative agreement was observed with the
simulations since the EAF (expanded
aluminum foil) consistently exhibited
greater displacement over the various
parameter sets than the ECF (expanded
copper foil) displacements.
Researchers associated greater thermally induced displacements with increased probability that cracks will
eventually become evident. The displacement differences may be small,
but over thousands of cycles will eventually generate residual stress, defects,
and result in cracking. From this standpoint, both the simulations and testing
indicate that Cu would be a better
choice for the EMF than Al.
The individual parametric variations
also suggested some interesting effects.
The parametric variation of SWD/LWD
shown in Figure 5 indicated that largerratio, more open EMF meshes lead to
lower displacements. The dependence
is weak, but high thermal cycling has a
cumulative effect. From a weight perspective, higher SWD/LWD is also desirable. Provided the EME function is not
seriously degraded, there appears to be
benefit with the more open mesh from
multiple perspectives.
The effect of the additional layer of
fiberglass under the EMF is also shown
in Figure 5. When the fiberglass was
added under ECF, the displacement was
significantly increased. The remaining
difference between EAF and ECF is most
likely due to the larger CTE of aluminum by ~35%. As noted previously,
the fiberglass is incorporated under aluminum to inhibit galvanic corrosion.
Examination of the thermally induced displacements suggests that there
is little cracking penalty from increasing
the width of the EMF. Hence, if greater
current-carrying capability is desired
from the electromagnetic environment
protection function, increased width appears to be a viable approach. Of course,
increased width leads to greater weight
penalty and these conflicting requirements need to be balanced.

Alternatively, the increased current
carrying capacity of the EMF layer
may also be realized with increasing
height. However, height increase is
not as desirable as it leads to greater

Figure 5. EMF displacement dependence on metal mesh SWD/LWD ratio for Al and Cu.
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displacements and hence cracking
likelihood.
This article is based on SAE technical
paper 2013-01-2132 by Jeffrey Morgan of
Boeing (Chicago, IL).
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Software Defined
Radio Enables
Flexible
Communications
for NASA
Communication is key to just about any endeavor.
NASA’s ability to update and modify communication
capabilities to reflect the latest upgrades without
impacts to mission time or a trip back to Earth
ensures optimal communication continues. In-orbit
reconfiguration for spacecraft radios and systems,
including those on the International Space Station,
is the goal behind NASA’s Space Communications
and Navigation (SCaN) Testbed.

rom its invention until now, the
radio has undergone some
mighty technological advances.
Conventional or legacy radios are
not programmable; they are designed for
one fixed configuration. They are built
to produce a single waveform at a specified frequency. Conventional radios
often also have limited tuning options
and fixed data rates. While some conventional radios carry multiple types of
data, they are incapable of adapting to
new waveforms. To make changes on
these legacy radios, the radio would
physically need to be changed. Once a
radio is out in space, that task becomes
nearly impossible to accomplish. These
limitations created a need for improved
communication in space.
NASA engineers needed radios to be
more flexible, adaptable, and evolvable.
In the late 20th century, a new type of
radio was developed that would be able
to meet those needs. Software defined
radios (SDR) are a type of reconfigurable
radio in which some or all of the physical layers of functionality are implemented in software and/or firmware.
SDR is a relatively new wireless technology based on the familiar radio technology that has been used for many
years. Traditional Earth-based radio
technology involves the transmission
of a signal — typically “analog” speech
or music — as electromagnetic waves
using a single-purpose radio transmitter. The electromagnetic waves travel
through the air until they encounter a

F

Ground testing and processing of SCAN Testbed hardware. (JPL)

radio receiver that has been tuned to receive the right frequency. This receiver
processes the signal and sends the result to a speaker. You then hear whatever was broadcast from the radio station. In SDR, the transmitter modulation
is produced by a digital signal processor
to produce digital signals; the signals
are then converted to “analog” and sent
to the transmitter’s antenna. The receiver uses a computer to recover the
signal intelligence.

Glenn Research Center engineers prepare the SCaN Testbed flight system hardware for thermal-vacuum
testing. (NASA)

24

www.aerodefensetech.com

Intro

"For NASA, SDR applies to the transmission of data, rather than sound,"
said Jason Soloff, an SDR technologist
at NASA’s Goddard Space Flight Center
in Greenbelt, MD. However, Soloff adds
that you may be most familiar with the
sound-related commercial applications
of SDR. "When you are in your car, and
you use your MP3 player to receive an
FM signal digitally, you are using SDRlike technology. Or, when you travel
from an area with an analog cellphone
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signal to a digital signal, and your
phone switches automatically, your
phone is acting as a software defined or
reconfigurable radio."
With SDR, manufacturers could install a generic radio chip into electronic
devices and later “educate” them to perform functions quite different than
their original job through a simple software download. Similarly, engineers
could reconfigure future SDR-enabled
NASA missions at will, allowing formerly independent satellites to be
linked and give a more complete picture of a unique scientific event. In
other applications, two satellites could
interact and share information, or an
older satellite could be updated with a
new function and mission, extending
its life and usefulness.
"Many of our current satellites were
developed with a fixed set of data rates
and modulations, so they can only talk
to the ground or the space network,"
said Soloff. "SDR would allow us to
switch between a ground network and a
space network with simple uploads,
making the satellite or instrument
much more flexible."
The growth of SDRs offers NASA the
opportunity to improve the way space
missions develop and operate space
transceivers for communications, networking, and navigation. Reconfigurable SDRs with communications and
navigation functions implemented in
software provide the capability to
change the functionality of the radio
during a mission and optimize the data
capabilities (e.g. video, telemetry, voice,
etc.). The ability to change the operating characteristics of a radio through
software once deployed to space offers
the flexibility to adapt to new science
opportunities, recover from anomalies
within the science payload or communication system, and potentially reduce
development cost and risk through
reuse of common space platforms to
meet specific mission requirements.
SDRs can be used on space-based missions to almost any destination.

and navigation services to spaceflight
missions throughout the solar system.
Astronauts, mission controllers, and scientists depend upon the reliable transmission of information between Earth
and spacecraft, from low-Earth orbit to
deep space. The SCaN Testbed, designed

and built at NASA’s John Glenn Research
Center in Cleveland, OH, is an advanced
integrated communications system and
laboratory facility that was installed on
the International Space Station (ISS) in
July 2012. Using a new generation of
SDR technologies, this ISS facility allows

An On-Orbit Testbed
The NASA Space Communications
and Navigation (SCaN) Program is responsible for providing communications
Aerospace & Defense Technology, February 2014
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One Product Multiple Solvers
FEKO includes several
computational methods, each
optimised for different problem
types. Due to a long history of
hybridising different techniques,
FEKO has been at the forefront of
the efﬁcient analysis of complex,
low and high frequency problems.
Applications:
Antenna Design, Antenna
Placement, Waveguide, RF

researchers to develop, test, and demonstrate new communications, networking,
and navigation capabilities in the actual
environment of space.
NASA’s SCaN office has developed an
architecture standard for SDRs used in
space and ground-based platforms to provide commonality among radio developments to provide enhanced capability
and services while reducing mission and
programmatic risk. The Space Telecommunications Radio System (STRS) architecture standard defines common waveform software interfaces, as well as
methods of instantiation, operation, and
testing among different compliant hardware and software products. These common interfaces within the architecture
remove the application software from
the underlying hardware to enable technology insertion independently at either
the software or hardware layer.
The SCaN Testbed began conducting
experiments last April after completing
its checkout and commissioning operations aboard the ISS. The testbed is installed on the EXPRESS Logistics Carrier3 on the ISS truss. The installation,
activation, checkout, and commissioning
activities resulted in a healthy report card
for the launch software, the three software defined radios (SDRs), and the antennas, avionics, and other subsystems.
The testbed's purpose is to allow for
the development, testing, and demonstration of cutting-edge communications, networking, and navigation technologies in the challenging environment
of space. These advances will enable

technology developers and mission planners to understand how NASA can use
SDRs in future missions, as well as develop new concepts such as new algorithms for determining orbits using GPS.
The technology also can help advance
similar communications tools here on
Earth. SDRs are a viable technology for
groundbased platforms, and are already
being used in smartphones and other
terrestrial applications. NASA's support
for a common, open architecture aids in
the development of open standards for
other domains beyond space.
The testbed is the first space hardware
to provide an experimental laboratory to
demonstrate many new capabilities, including new communications, networking, and navigation techniques that utilize SDR technology. Research and
technology areas the SCAN Testbed was
designed to support include SDRs operating at S, L, and Ka-band; onboard data
management function and payload networking; radio science experiments using
the unique capabilities of the SDRs; and
precise navigation and timing.
“A software defined radio is purposely
reconfigured during its lifetime, which
makes it unique,” said Diane Cifani
Malarik, a project manager for the SCaN
Testbed. This is made possible by software
changes that are sent to the device, allowing scientists to use it for a multitude of
functions, some of which might not be
known before launch. Traditional radio
devices cannot be upgraded after launch.
By developing these devices, future
space missions will be able to return

Components, Microstrip Circuits,
EMC, Cable Coupling, Radomes,
RCS, Bio-EM.

www.feko.info
Global sales and technical
support network:
Local distributors in Europe, North America,
South America, Japan, China, South Korea,
Singapore, India, Israel, Taiwan, South Africa
External image of ISS showing SCAN Testbed installed on ELC 4 nadir side. (NASA)
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more scientific information, because
new software loads can add new functions or accommodate changing mission
needs. New software loads can change
the radio's behavior to allow communication with later missions that may use
different signals or data formats.
The SCaN Testbed is comprised of
three SDRs, each with unique capabilities aimed at advancing different aspects
of the technology. These devices will be
used by researchers to advance this technology over the testbed's five-year
planned life in orbit. Two SDRs were developed under cooperative agreements
with General Dynamics and Harris
Corp., and the third was developed by
NASA's Jet Propulsion Laboratory (JPL)
in Pasadena, CA. JPL also provided the
five-antenna system on the exterior of
the testbed that’s used to communicate
with NASA's orbiting communications
relay satellites and NASA ground stations
across the United States.

NASA Glenn led the design, development, integration, test, and evaluation
effort, and provided all the facilities
needed to fabricate, assemble, and test
the SCaN Testbed, including a flight machine shop, large thermal/vacuum chamber, electromagnetic interference testing
with reverberant capabilities, a large
cleanroom, and multiple antenna ranges,
including one inside the cleanroom.
"The SCaN Testbed represents a significant advancement in SDRs and its applications for NASA," said David Irimies, a
project manager for the testbed at NASA
Glenn. "Investigating these SDR technologies in the dynamic space environment

increases their technology readiness level
and maturity, which in turn can be used
for future missions as risk reduction."
The future of communications aboard
the space station will improve with the
SCaN Testbed's ability to update and
modify capabilities with minimal impacts to crew and mission. This technology also stands to provide time and cost
savings for future hardware platforms.
With the ability for industry and government agencies to partner with NASA
to use the SCaN Testbed, this development can advance space communications of today and tomorrow.

RESOURCES
Watch a video describing the SCaN Testbed on Tech Briefs TV at:
www.techbriefs.com/tv/scan-testbed
Visit:
www.nasa.gov/mission_pages/station/research/experiments/1058.html
http://spaceflightsystems.grc.nasa.gov/SOPO/SCO/SCaNTestbed/
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Automated Testing of Advanced, High-Performance, Point-to-Multipoint
Radio Systems
n 2008, 4RF Communications started development of a
new range of radio products to augment their existing
point-to-point, long-range wireless link product. Used by
oil, gas, and utility companies for monitoring and control
applications, the Aprisa SR is a point-to-multipoint Smart
Supervisory Control and Data Acquisition (SCADA) radio
operating in the 400 to 470-MHz licensed spectrum band
with a 12.5-kHz channel size and narrowband 9.6-kbps capacity. The Aprisa SR is designed to address the key concerns
facing the industry, such as the need for enhanced security,
the need to efficiently handle the increasing complexity of
SCADA networks, and the evolution to an IP-based and
smart grid infrastructure.
The Aprisa SR’s comprehensive feature set and highly reliable, technically advanced radio platform enable a variety of
monitoring and control applications that address current and
future requirements. The radio is configurable as a base station, remote station, or repeater for seamless integration into
any network topology (Figure 1). It supports a large number
of serial and Ethernet interfaces in a single box, and has builtin security features.

I

Project Challenge
4RF Communications required a different test strategy to
ensure low unit test costs, high throughput, and good test
coverage for the new product features. Therefore, 4RF turned
to test and measurement company CPE Systems to design
and develop a test system for cost-effective production testing
of the radio. The test requirements for the product included
component and unpowered testing, device programming,
radio signal analysis and calibration, and no operator intervention.
4RF Communications outsourced the test system development due to their limited experience with medium- to highvolume test fixtures and limited internal engineering resources. The development was contracted to CPE Systems,
which selected the National Instruments PXI platform coupled with LabVIEW and NI TestStand software to provide the
flexible test solution.

Test Development Process
Test targets for the system were:
CTest a board in 5 minutes
CBe suitable for a volume of 3,000 products per month
CHave no operator attendance during the test
CBe operated by nontechnical staff
CAccess all test points by test probes on one side of the board
CInclude a debug facility
C Capable of expanding for future product variants such as
other RF bands and bandwidths
The tests were split into three main areas. First was DC testing for testing component values, supply voltages, and current consumption, and functional testing of the low-voltage
shutdown, switch panel, and LED indication. The second area
28

Figure 1. Test fixture showing screening of RF section.

was built-in self-test (BIST) for boot loader and software installation, testing of the RAM and flash, and confirmation of
Ethernet address allocation. These tests were programmed
into the device and accessed through a command line interface. The third area was RF functional testing and calibration,
which was used to test and calibrate the transmitter, receiver,
and system functions of the Aprisa SR board.

Development Challenges
Due to the product development schedule, the test system
was developed in parallel with the product, which entailed
five re-spins of the board design. However, due to how the
test system was designed and specified with flexibility in
mind, these PCB redesigns required only one change to the
jig. Using NI hardware and software enhanced the ability to
carry out concurrent development.
One of the key constraints for the test system was test time,
with an overall target of 5 minutes per board. This target required a significant amount of optimization in the RF calibration algorithms to ensure they operated efficiently. The NI
PXIe-5663 vector signal analyzer (VSA) and NI PXIe-5673 vector signal generator (VSG) supported this algorithm optimization process.
The Aprisa SR printed circuit board assembly included RF
transmission and reception circuits, and had to be tested
out of its enclosure. As such, RF interference and screening
had to be included in the jig design. This was achieved
using the CAD model of the product housing to machine an
RF screening enclosure that formed part of the top plate of
the jig (Figure 2). This shielding produced results from the
test fixture that were close to those achieved with the board
in its enclosure.
The Aprisa SR radio has internal data encryption, which
makes it impossible to generate simulated data streams to
test the receiver sensitivity. Using the VNA, the radio sig-
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Featured Sponsor Video:
Designing & Analyzing a Helical
Antenna on a Satellite
Using the pre-loaded scripting library in
XFdtd, this video demonstrates simulation
of a helical antenna, which is then imported
into XGtd for analysis on a satellite. See
how XFdtd's scripting language helps to
quickly automate advanced modeling tasks.
www.techbriefs.com/tv/
antenna-analysis

Wireless System Tracks 3D
Motion through Walls
MIT has unveiled WiTrack, a system that
uses specialized radio waves to detect
people through walls and track the
direction of their movement. It can
pinpoint a person's location to within
4-8 inches. Applications include gaming,
defense, and remote control of appliances
(demonstrated in this video).
www.techbriefs.com/tv/WiTrack

Mission Studies Lightning’s
Mysterious Relationship to
Gamma Rays
Lightning occurs 50 times a second —
yet what initiates this common
occurrence and what effects it has on the
Earth’s atmosphere remain a mystery.
Lightning may be linked to powerful
bursts called terrestrial gamma ray flashes,
or TGFs. NASA has launched a small
satellite named Firefly to study lightning
and these gamma ray flashes.

Figure 2. The final test system.

nal recorded and retransmitted using the VSG at different
levels to test the receiver sensitivity with actual data. This
methodology meant that the encryption process could
change in the future without affecting the test system software.
Developing the RF test system presented challenges in
terms of the management processes required to coordinate
the project across multiple sites, and in terms of the technical challenges that involved testing a complex RF product at high speeds with screening incorporated in the fixture. The outcome of the development was a custom, yet
affordable, test system that tests and supports the manufacturing process of the high-performance SCADA radio
product.
This article was written by Stephen Patterson of CPE Systems,
Chatswood, New Zealand, using hardware and software from National Instruments, Austin, TX. For more information, visit http://
info.hotims.com/49742-542.

www.techbriefs.com/tv/Firefly

Wireless Capsule Restores
Surgeons’ Sense of Touch
To provide the benefits of palpation to
minimally invasive surgery, an engineering
team at Vanderbilt University has designed
a wireless capsule equipped with a
pressure sensor that fits through the
small ports that surgeons use for what is
also called “keyhole” surgery.
www.techbriefs.com/tv/
palpation-capsule
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Automated drilling machine takes the burr out of fuselage joint
ore than 1200 large-diameter (up to
¾-in) holes must be drilled into titanium/carbon stacks for the side-of-body
joint on a particular Boeing commercial
aircraft fuselage. This is the joint between the upper shell (section 44) of the
center fuselage and the lower corresponding section (section 45), which includes
the wingbox and the landing gear well.
The upper shell material is mainly
carbon-fiber-reinforced plastic (CFRP)
reinforced with a thick titanium inner
structure (Boeing prefers not to disclose
any more specific aircraft design details). The upper shell is secured to section 45 on both sides by a long titanium side-of-body fitting.
One of the many challenges associated
with side-of-body joints is keeping debris,
or burrs, from entering between the layers
while drilling holes. This is especially true
with titanium/CFRP material stack-ups.
The burrs can cause stress concentrations,
reducing the life of the aircraft.
Because manual drilling was not
yielding consistent hole quality, Boeing
decided to automate the side-of-body
drilling process, teaming with Electroimpact to develop a solution.
Boeing required that the automated
drilling process eliminate burrs between
the layers to allow for one-up-assembly.
One-up-assembly eliminates the need
to remove the upper shell for cleaning
and deburring, avoiding time- and costintensive operations.
Implementing an automated solution
into existing assembly lines was complicated by the location of the work
area, which is more than 15 ft above
the factory floor.
The focus was first on stabilizing the
drilling process. A support structure was
needed to provide the necessary travel
for a small drilling machine and to provide access to the fuselage and automated guided vehicle (AGV) system in
the existing assembly lines. The resulting support structure (a long beam elevated on two columns) needed to be
optimized for both stiffness as well as
natural frequency due to the “inverted
pendulum” effect of the layout. Electroimpact engineers used extensive FEA
to optimize the structure for both low

M

Computer rendering of the side-of-body drilling machine showing the basic components: support structure
and moveable drilling machine. The blacked-out area is the wingbox and landing gear well. The machine
works above the wingbox and gear well along the shell’s length. (The rendering does not necessarily show
the actual length of the section.)

In addition to drilling holes and installing fasteners along the length of the side-of-body fitting, the
machine performs the same duties for a portion of the circumferential joints between the upper shells in
front of and in back of the center shell. Most of that work is done via Flex Tracks (shown), which are also
supplied by Electroimpact.

deflection and high natural frequency.
As it turned out, the stiffest beam was
not the most stable solution in this case.
Another key was developing an automated drilling machine that was light
but that could also support the heavy
drilling loads created when drilling
holes in titanium of up to ¾-in diameter. Engineers had to take into account

30
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assembly lines using the existing factory crane.
The drilling machine is an all-servo
system capable of storing hundreds of
drilling process parameters to provide
custom drilling profiles for each hole
type and material stack-up configuration. Hole quality and cycle times were
optimized with the different profiles to
control burrs at the material interfaces
or transition points.
Parameters for up to five unique material layers could be referenced along with
additional processes for breakthrough
and countersink operations. Parameters
include spindle speeds, feed rates, clamp
force, peck times, and lubrication. To ensure that parameters were switched appropriately, drill depth was determined
from either the tip or from the full diameter. This was extremely important when
entering or exiting titanium, which
would destroy cutters if CFRP parameters
were used. Drill thrust and distance
drilled is monitored to increase hole
quantity and maximize drill life.
To achieve a drilling process for oneup-assembly, the machine is capable

of installing a temporary doweling/
clamping fastener. It is programmed to automatically select a
fastener based on the programmed
stack thickness and install the fastener in certain holes. These fasteners provide the clamping force required to eliminate burrs from
entering between the layers. Shifting of the different layers is prevented by having a close fit between the fastener and hole
diameters.
The drilling and fastening pro cesses are qualified by Boeing to
achieve the one-up-assembly for the
side-of-body joint.
The stability of the system (both
the support structure and machine),
controllability of the drilling process,
and mobility of the machines provide Boeing with a flexible and reliable drilling system.
This article is based on SAE International technical paper 2013-01-2296
by Michael Assadi, Christopher Martin,
and Eliot Siegel of Electroimpact Inc.;
and Dennis Mathis of Boeing.

Photo of the machine in actual deployment. A working
surface area has been constructed level with the support beam, and the machine had to be designed to fit
under an overhead structure.

Redesign of composite parts for structural integrity
n the case of composite materials,
material properties are vastly dependent on the manufacturing process.
While shifting the manufacturing
process of a composite part from preimpregnated to a new liquid resin injection process, the Composites Development team at Bombardier Aerospace
had to redesign the component to a
new set of design allowables. The Integrated Product Development Team
(IPDT) was able to quickly provide a
turnkey solution that assessed three aspects of airframe engineering: design,
materials and processes (M&P), and
stress.
The stress substantiation process, led
by the team’s stress engineers, required
three distinct checks be confirmed: that
the global behavior of the surrounding
structure remained unaffected, that all
local failure modes still exhibited positive margins of safety, and that detail
level testing was organized to provide

I

complete substantiation for the certification authorities.
This method was used successfully on
components of programs currently
under development at Bombardier
Aerospace. The IPDT approach as well
as the novel means of substantiation allowed for a quick turnaround, resulting

Stress substantiation process
Typically, non-recurring costs associated with high-performance resin transfer molding (RTM) manufacturing preclude small aeronautical production

Containment of buckling waves to bays by stiffening members.
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volumes. However, repeating part numbers created a business case where the
non-recurring costs were amortized
over enough components that the RTM
process yielded decreased cost in addition to a shorter cycle time.
The need to size the part to a complete new set of design allowables included a drastic variation in lamina
cured ply thickness, as well as notable
variations in matrix type failures such
as compression after impact and interlaminar shear and tensile stress. As a

Buckling shape of fuselage panel subjected to
compression-shear combined loading.

starting point, both the material and
process were qualified and allowables
were readily available.
The first consideration while redesigning a component is to ensure the
redesigned structure behaves identically
to the baseline. Fuselage structures are
simply thin skin sheets supported by
stiffening members. These members
serve two major roles: they provide
some area to the fuselage cross-section
to carry loads, and they provide support to the skin and prevent it from
buckling. For thin sheets subjected to
shear or compressive loading, the loads
at which the plates buckle are much
lower than the material strength.
While it is a good practice to target
the baseline design’s stiffness for longitudinal axis and out-of-plane bending,
this is not necessary. This is due in part
by the fact the rigidity of the fuselage is
only provided in fraction by the
stringers, which represent at most 50%
of the total area. Furthermore, the stiffness of the fuselage is provided most
importantly by the total area of skin
and stringer of the fuselage and its distance from the centroid. Large varia-

tions in area-moment-of-inertia relative
to the stringer are negligible to the dimensions of the fuselage and do not
contribute to a redistribution of loads
with the surrounding structure. This
opens up the design space significantly
and allows engineers to tailor the laminate to manufacturing and stress allowables.
To ensure that the global modes were
still met, buckling analysis was performed using FEA. While beam theory
can provide insight on the general behavior of the structure, buckling is an
Eigenvalue problem that is far too complex when applied to large structures to
be solved analytically. Linear buckling
analysis using commercial finite element codes provides a means to correctly evaluate the structure and determine the most critical buckling modes.
The strategy was to use detailed finite
element models (FEMs) of sections of
the baseline fuselage that were affected
by the redesign and subject them to
unitary compressive, shear, and combined loading. By subsequently substituting in the FEM the laminate of the
baseline design with that of the redesigned component, and re-evaluating
the first eigen modes, it is possible to
confirm that the redesigned component
does not change the modes in which
the structure buckles, and that the associated buckling loads are unaffected.

Local failure modes
The approach taken for pre-sizing the
redesigned part was to reuse as much of
the work already completed for sizing
the baseline as possible. In sizing reports for skin and stringer panels, it is
customary to present shear-bendingaxial force (VMA) plots and assess the
load levels within the structure and
confirm the extracts from the global
FEM are coherent.
With a standard plot of envelope
axial force along the length of the fore
fuselage, it is possible to notice the maximum positive value is slightly larger
due to the effect of pressurization when
compared to the compressive loads.
With the transverse shear loads in a
stringer positioned at the window belt,
it is possible to notice the window
cutouts where large values are obtained,

Typical axial load distribution of fore fuselage.
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as well as the fore passenger door on
the left hand of the plot.
Having defined that the redesigned
component was to be subjected to the
same loading as the baseline, it was possible to use the plots to extract the most
critical load cases. The three maximum
and three minimum values of each
axial, transverse shear, and bending moment load were determined. These values correspond to combinations of fuselage station (FS)—i.e., position along
the fuselage length—and load case and
the associated selection criteria. Consistent loading was subsequently extracted
for the 18 most critical FS/load case
combinations and was used to size the
components.
The beam loads subsequently need to
be decomposed and distributed to compute the numerous margins of safety associated with the different allowables.
This includes primarily laminate
strength and local stability of the web
and flanges. For this, composite beam
theory is used.
The essence of the methodology relies on the fact that equivalent beam
rigidities for axial, shear, and bending
moments were used to calculate beam
strains. These were then used to evaluate the strains at multiple locations
along the member cross-sections. These
calculated strains were compared
against strain allowables for laminate
strength. Plate running loads at various
locations along the cross-section were
also evaluated and compared against
buckling allowables or crippling.
The methodology was easily implemented using procedural programming.
This contributed to the quick turnaround as multiple iterations of various
laminates could be evaluated without
the need for a complex analysis to be
recomputed. Following inputs from design and manufacturing, a laminate was
defined that incorporated requirements
for ease of manufacturing. The laminate defined presented little to no fiber
deviation and increased drapability
while still meeting all stress margins of
safety.
While the substantiation methodology is insufficient for the initial design
of airframe structures due to the lack of
prior knowledge, it does allow for

turnkey solutions to be implemented
efficiently at all stages of program development. Most importantly, this redesign approach is not associated with
the customary exponential cost increase
of late changes to projects. This was
possible only through prior knowledge
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Power Management for the Electric Taxiing System
Incorporating the More Electric Architecture
The electric taxiing system does not require the use of jet engines or the auxiliary power unit.
IHI Corporation/IHI Aerospace, Tokyo, Japan
ith airlines increasingly directing their attention to operating
costs and environmental initiatives,
the More Electric Architecture for
Aircraft and Propulsion (MEAAP) is
emerging as a viable solution for improved performance and ecofriendly
aircraft operations. An electric taxiing system was developed that does
not require the use of jet engines or
the auxiliary power unit (APU) during taxiing, either from the departure gate to takeoff, or from landing
to the arrival gate.
Cutting engine operating times
during taxiing, including wait and
standby times, would require an
electric power management system
that shuts down the main power
supply, including the engines and
APU. Clearly, the alternative electric power source would simultaneously need to supply power not
just for taxiing propulsion, but for
all aircraft electric and electronics
systems.
The MEAAP concept offers the
promise of greater power management efficiency compared to conventional aircraft systems. Researchers have developed several
cornerstone technologies, including
high-voltage drivers, fault tolerance
systems, and electrical-mechanical
engineering tech nol ogies, all with
the goal of building more efficient
electric systems for aerospace applications.
This work targets practical applications of energy management technology, focusing primarily on electric power systems that take over the
roles of conventional aircraft systems. This system must address two
issues: safety and reliability, and
power source and storage. The autonomous taxiing approach must incorporate an electrically driven
wheel system. A more eco friendly
approach requires the replacement

W

Power system block diagram of an Electric Taxiing System.
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of devices that run on jet fuel. Instead
of an engine or APU generator, a smaller
primary power source based on a fuel
cell or other battery system can be used.
Comprised of a common electric motor
and inverter, the electric taxiing system
drives the front gear or main gear
wheels. Each of the aircraft's electricpowered wheels is controlled by stateof-the-art power electronics and controllers. This system gives pilots total
control of aircraft speed, direction, and
braking while on the loading apron and
taxiway.
This electric system requires a
wholly new electric power source. Before taxiing, the aircraft avionics system must be activated, while the environmental control system (ECS),
including air conditioning, must work
continuously. The ECS must draw its
power from another power source,
since we cannot draw on conventional
engines or APU power. To shift from
the engine and APU to a substitute
power source at the airport, aircraft
systems must be designed to reduce
power requirements, since the substitute power sources will have lower energy and power densities than gas turbine generators.
After leaving the loading apron, the
aircraft operates on a taxiway. Smooth
runway performance in real-world systems will likely require an electrical
taxiing system capable of speeds of 30
to 40 km/h. A single-aisle aircraft requires a 6-kW power source to run at 4
km/h. Based on the taxiing speed goal,
approximately 60 kW power will be required when running at maximum
speed (40 km/h).
As it moves on the taxiway, the aircraft will repeatedly stop and go
while lining up and waiting for takeoff. To meet the significant peak
power requirements for heavy aircraft, a temporary power energy storage system can augment the primary
power source. In addition to accommodating high-density acceleration
and bump climbing during the typical
taxiway traffic cycle, the power energy
storage system can provide energy to
the electrically driven wheels with the
higher power levels required for relatively short durations.

When the power required to propel
the aircraft is less than the power produced by the primary power source,
the excess energy can be stored in the
power energy storage system for later
use, thereby achieving eco friendly
power/energy control. General electri-

Aerospace & Defense Technology, February 2014

Intro

cal specifications for aircraft systems
do not permit regeneration to the electrical system. Regenerative current
causes distortion on the power buses.
A power energy storage system capable of absorbing high regenerated
power during regenerative braking will
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boost system efficiency. Assuming regenerative power is equivalent to the
power required for acceleration, regenerative energy storage must be capable
of providing 80 kW over 10 seconds.
Several available storage devices can
meet these regenerative power needs,
including lithium-ion batteries, supercapacitors, and flywheel batteries.
To overcome the issues posed by conventional fuel cell systems, a regenerative fuel cell (RFC) system is one solution for FC fuel supply and onboard
storage. An RFC system requires mere
water as fuel, since the RFC, which incorporates a water electrolyzer, is an

autonomous system that produces oxygen and hydrogen. The RFC consists of
proton exchange membrane fuel cells
(FC), electrolyte cells (EC) linked to the
main power bus, and fuel storage tanks.
Some of the main bus power is supplied
to the EC to produce hydrogen and
oxygen from water for FC operations.
The power generated from the main
engine generators during climb, cruise,
and descent is transmitted to the EC
for hydrogen and oxygen refueling, as
well as for supplying electricity for all
aircraft systems. Hydrogen- and oxygen-fueled FC power is used for electric
power generation when needed.

Once the aircraft arrives at the gate,
the power supply from an internal
source shuts down. Aircraft electricity is
provided from the external power supply — the Ground Power Unit
(GPU). The GPU provides the power
needed to generate hydrogen and oxygen in the RFC system to prepare for
the subsequent flight and operations.
This work was done by Hitoshi Oyori of
IHI Aerospace Co. Ltd. and Noriko Morioka
of IHI Corporation. The full technical paper
on this technology is available for purchase
through SAE International at http://
papers.sae.org/2013-01-2106.

Simultaneous Vibration Suppression and Energy
Harvesting
This technology can be used to provide energy to micro air vehicles.
Virginia Polytechnic Institute and State University, Blacksburg, Virginia
he goal of this work was to investigate the concept of using harvested
energy to directly control the vibration
response of flexible aerospace systems.
Small, lightweight, flexible micro air
vehicles (MAVs) operate near flutter,
providing both harvesting opportunities and vibration suppression requirements. The possibility that the ambient
energy might be harnessed and recycled to provide energy to mitigate the
vibrations through various control laws

T

was investigated. The goal was to integrate harvesting, storage, control, and
computation into one multifunctional
structure.
As ambient energy is relatively low
level and the hope was to run vibration
suppression systems off of harvested ambient energy, feedback control laws were
sought that used a minimum amount of
energy. Such control laws did not exist,
so ways to minimize control effort for
vibration suppression had to be discov-

Schematic of a Multifunctional Structure containing harvesting, control, energy storage, and computing.
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ered. Basic control laws were tuned to
achieve the same performance. The required amount of energy in each case
was calculated and compared.
It was found that as much as twothirds of the required energy can be
saved by using a saturation control. This
reduction makes running a control law
off of harvested energy possible. In implementing these control laws, it was
discovered that the high voltages commanded by the control laws result in the
piezoelectric coupling coefficient
being non-constant. An adaptive
control law (exponential actually)
was implemented to account for
the change in coupling coefficient as the control voltage demand increased. The next major
result was to integrate harvesting
and storage into the same package with a control actuator and a
control law (i.e. the circuitry) all
embedded in a multifunctional
composite structure as illustrated
in the accompanying schematic.
A multifunctional system was
fabricated, modeled, and tested,
and was capable of energy harvesting, sensing, energy storage,
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vibration suppression using active control, embedded computing (providing
energy management and control laws),
and structural integrity. Before proceeding, the harvesting, sensing, and control authority of several different types
of piezoelectric material were considered in order to choose the best components for each task. Macro fiber composites form the best control actuation
devices, and monolithic piezoceramic
forms the best sensing and harvesting
device.
Following these initial results, the
concept of a multifunctional composite
beam was applied to a problem prevalent in unmanned air vehicles (UAVs).
UAVs tend to be light and travel near
their flutter speed, which means that
they are susceptible to instabilities
caused by gusts. While the UAV is in
normal flight, its wing vibrates. The
multifunctional wing spar, modeled
after the schematic, would transfer the

wing vibration into electrical energy
and store it in the embedded battery.
When the UAV hits a gust, the sensor
function of the multifunctional spar
would then see the increased strain, and
turn on the active control system embedded in the PCB part of the spar.
The resulting feedback control law
would then quiet the gust response and
keep the vibration suppressed during
the period of the gust. The laboratory
results show great agreement with the
theoretical models and numerical simulations.
Simulations were then used to predict how the system would behave as a
gust suppression system for a small
UAV. The gust and clear sky condition
(the condition of vibration induced during normal flight) were simulated using
the Dryden PSD signal for both clear
sky and gust. The simulations were fed
into the model of the multifunctional
wing spar. The response of the wing to

a gust shows a large tip deflection. The
response of the wing tip with the controller turned on and the gust as input
shows substantial vibration reduction.
There are applications where harvested energy can be of use, even when
the energy requirements exceed those
that are required, if there is not a constant need for that energy. This is surely
the case illustrated here with the gust
alleviation example. Many other examples exist in the area of structural health
monitoring. The main work here shows
that closed loop control can be accomplished with harvested energy.
This work was done by Daniel J. Inman
and Pablo Tarazaga of Virginia Tech for the
Air Force Office of Scientific Research. For
more information, download the Technical Support Package (free white paper)
at www.aerodefensetech.com/tsp under
the Physical Sciences category. AFOSR0005
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Cascading Failures in Coupled Distributed Power Grids and
Communication Networks
Communication network-based power measurement and control approaches can impact power networks in the face of weapons of mass destruction-induced cascading failures.
Defense Threat Reduction Agency, Fort Belvoir, Virginia

E

users would be less severe. For example,
storage units (thermal storage, community
electric storage, utility-scale electric storage) may be deployed to produce a certain
level of load shed, rather than resorting to
rolling blackouts or brownouts.
There are a number of challenges in
the implementation of automated, fastacting load shedding strategies for WMD
protection. First, the mechanism must be
compatible with “normal” grid operation
mechanisms. Second, the mechanism
must be compatible with local regulations. For example, control by real-time
pricing (RTP) may be possible in some regions, but not others. Where RTP is not
available, other control mechanisms must
be adopted. Finally, the control strategies
must be robust – for example, high-bandwidth communications requirements
may pose problems because, in the case
of WMD attack, communications networks may become congested or even inoperable. Two strategies for load control
were considered – RTP and stochastic.
With RTP control, the cost of power is a
function of the residual capacity of the system. This is in line with industry practices,
and is also compatible with WMD response, since a WMD attack would automatically result in reduced capacity. The
customers use automated response to activate their storage devices. Thermal load is
either met by depleting storage or by purchasing power from the network, depending on an internal power price threshold.
The threshold for meeting thermal load, in
turn, is set based on the state of charge of
the storage – a high threshold when state
of charge is low, and vice versa. The threshold for charging is set similarly.
Stochastic control (SC) could be used in
regions where RTP is not allowed by regulation. In this case, the utility or some
control agency would send a signal to all
customers, between 0 and unity, representing the probability of activating a distributed resource. In turn, each resource
generates a random number, which is
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merging distributed power grid systems
will integrate tightly coupled networks,
namely a power grid and a communication network, to provide distributed power
monitoring and control. While distributing power monitoring and control away
from a central site enhances the robustness
of the power grid to multiple, dispersed
failures and attacks, such communicationbased distributed control schemes can introduce complex cascading failure scenarios in the face of large-scale weapons of
mass destruction (WMD) attacks.
The objective of this project is to model
and analyze the interactions between coupled communication networks and power
distribution grids so that potential cascading failures in the composite complex biinfrastructure network can be examined,
analyzed, and avoided. This work is motivated by fundamental challenges presented
by potential distributed power grid topologies and structures currently under discussion in the power community. Using a
combination of graph-theoretic dynamical
modeling of cascading failures, optimal distributed control algorithm design, and distributed estimation techniques, it is possible to see how various communication
network-based power measurement and
control approaches impact the robustness
and efficiency of power networks in the
face of WMD-induced cascading failures.
Investigation of cascading failure mechanisms has shown that load shedding can
be an effective method of reducing the
likelihood of cascading failure, if implemented in a timely manner. However, currently load shedding is generally implemented by an operator manually,
following a request from a system operator. Moreover, requests are subject to
human judgment, and sometimes fail to
be implemented correctly, in a timely manner, and/or in their entirety. An automated
response, making use of energy storage,
would have two benefits: first, its implementation would not depend on human
judgment, and second, its impact on end
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compared with the utility signal. Based on
the result of the comparison, the device is
either activated or not. With stochastic
control, loads can choose to op-in, and be
financially compensated as a result.
Results have shown that both RTP and
SC are effective means of controlling the
total load on the grid, and can respond effectively to both renewable energy intermittency and load shedding requests.
Moreover, the bandwidth for communication is very low – only requiring a common
signal to be broadcast at regular intervals,
typically on the order of minutes. These
same mechanisms could be used for enhanced readiness to WMD threats. For example, it is possible to increase the storage
SOC in cases of enhanced threat, simply by
modifying the RTP or the stochastic signal.
Simulations were performed to reveal
the effects of the control/communication system parameters on the cascading
failures in power grids. Simulations have
shown that vulnerabilities in the control/communication systems can increase
the probability of large cascading failures
initiated by small disturbances over the
power grid. In addition, the topological
location and characteristics of the failures affect the cascading behaviors in the
power grid. Since inhibition and clustering can be important attributes of WMD
attacks, which exhibit a great level of
spatial correlation, the effects of spatial
inhibition and clustering among the uncontrollable load buses were studied.
These effects can be important due to the
nature of certain disaster events that may
affect the power grid and their
control/communication systems.
This work was done by Majeed M.
Hayat, Andrea Mammoli, Yasamin
Mostofi, and Patrick Bridges of the University of New Mexico for the Defense Threat
Reduction Agency. For more information, download the Technical Support
Package (free white paper) at www.
aerodefensetech.com/tsp under the
Physical Sciences category. DTRA-0002
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Implementing Interconnected Generation in Future Civil
Aircraft
Power protection equipment enables detection and interruption of transients and arc faults occurring
at a single point in an aircraft’s electrical network.
University of Strathclyde, Glasgow, UK, and Rolls-Royce PLC, London, England
n addition to providing thrust, the engines on conventional civil jet airliners generate power for onboard systems
and ancillary loads in the form of pneumatic, hydraulic, and electrical power.
There is a move to begin replacing mechanically, hydraulically, and pneumatically powered aircraft systems with
electrical equivalents, towards the ultimate goal of achieving the All-Electric
Aircraft (AEA).
Until recently, a number of aircraft
loads were powered pneumatically
using air bled from the high-pressure
compressor stages in the thrust engines. On conventional aircraft, this
hot, high-pressure air is used to heat
the leading edges of the wing and engine nacelle to prevent potentially dangerous ice buildup, and is also cooled
and expanded to provide pressurized
cabin air. This is a convenient method
of supplying such loads. Compressor
bleeding, however, carries a significant
efficiency impact, and pneumatic systems are prone to leaks and difficult to
maintain.
The Boeing 787 represents the stateof-the-art in more electric civil aircraft,
and is the first civil airliner to replace
most of the pneumatic systems with
electric equivalents. As well as progressively replacing ancillary loads with
electrical equivalents, the industry is
turning towards electrical power for
flight control as well.
Recent developments in fast-acting,
solid-state protection equipment, together with work in the field of engine
efficiency and fuel savings, provide the
platform for a move towards interconnected generation. Reducing the isolation of the electrical system will necessitate more advanced and faster-acting
protection strategies. By increasing the
degree of interconnection, a greater proportion of the aircraft’s systems will be
exposed to transients and faults occurring at a single point in the network.

I

This increased effect will need to be mitigated by protection equipment that
can detect and clear faults in the network before bus conditions become in
breach of the power quality standards.
Several advancements in the field of
electrical network protection equipment have been realized that may enable such protection coverage to be attained. In particular, Solid State Power
Controllers (SSPCs) and Fault Isolation Devices (FIDs) offer advanced
functionality that may facilitate the
safe interconnection of generation.
Such solid-state devices offer very fast
(25 – 50 μs) operation with improved
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reliability and the possibility of more
intelligent control. They provide a
more predictable and consistent operation over a longer life because they
have no moving parts; therefore, they
do not suffer as much from issues with
wear and tear. Unlike conventional
circuit breakers, they are capable of
detecting and interrupting arc faults,
and can operate according to a number of profiles.
A salient requirement in an initial implementation of interconnected generation would be the provision of a minimum of two channels. This approach
would be required to comply with cur-
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rent standards that require separate isolated supplies for critical systems such as
flight control and pilots’ instruments. It
would also create a stepwise path to
achieving a fully interconnected system

while still offering potential fuel savings
and operability improvements through
the interconnection of generators connected to multiple shafts on the same
engine.

Overview of the 747 Electrical System. During normal operation, all breakers are closed.
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Sources that are interconnected must
be protected from becoming impaired
or damaged by transients and faults
caused by the failure of other sources.
This is an explicit requirement of existing standards, but is also a sensible consideration to ensure continuity of supply and compliance with the reliability
requirements. It is anticipated that in
addition to use of faster-acting protection equipment, a suitably advanced
protection strategy will make use of distributed local systems with authority
over smaller portions of the overall network, together with careful network design with consideration to fault propagation times.
Ideally, a dynamically reconfigurable
network would be realized that is capable of adapting to current load conditions and component health. This may
mean that the eventual embodiment of
this technology will be “dynamically
interconnected,” with the network
topology able to adapt to existing conditions.
It is possible for the essential electrical bus to be supplied from any of the
isolated generator buses on current aircraft. A more interconnected system
would necessarily reduce the available
supply redundancy for the essential bus,
and this would have to be taken into
account when designing the interconnected architecture. It is expected that
the topology of the essential system itself (with attached loads and emergency
supplies) would remain unchanged, but
that some appropriate interface be
made with the interconnected system
bus/buses.
Interconnected generation could provide the platform for a number of fuel
efficiency and engine operability improvements. It could also provide a
more reliable, dynamic network that is
more able to meet the increasing electrical power demands of modern aircraft.
This work was done by Gordon Mackenzie-Leigh, Patrick Norman, Stuart Galloway,
and Graeme Burt of the University of Strathclyde; and Eddie Orr of Rolls-Royce PLC.
The full technical paper on this technology
is available for purchase through SAE International
at
http://papers.sae.org/
2013-01-2125.
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Pictorial Representation Tool for
First-Aid Training
Charles River Analytics
Cambridge, MA
617-491-3474
www.cra.com
educing combat fatalities demands quick and effective
emergency care on the battlefield, and all soldiers are expected to provide immediate, basic care to themselves or their
comrades. Critical first-aid procedures are described in the
Soldier's Manual of Common Tasks, but recalling the procedures in stressful, life-threatening battlefield environments is
challenging. In addition, each first-aid skill is composed of
numerous, interrelated subtasks and processes. Successful accomplishment of the subtasks and processes depends heavily
on an individual soldier's basic aptitude, underlying skills,
and understanding of the task flow involved.
Charles River was chosen by the US Army Aeromedical Research Laboratory at Fort Rucker, Alabama, inventors of the
training tool concept, to design and create Pictorial Representations of Medical Procedures to Train for Effective Recall,
also known as PROMPTER, to improve the retention of US
Army soldiers' battlefield first-aid skills. Critical first-aid skills
are represented in PROMPTER through simple, intuitive symbols that represent first-aid actions or emergency medical
procedures.
The symbols are then incorporated within a framework
that aids long-term memorization of the first-aid methods.
The memorization aids are presented to soldiers through
adaptive microgames that provide an engaging gameplay experience tailored to their individual skills and training needs.
Charles River made the games available to soldiers through
smartphone apps and Web browsers that can be accessed
from any location. It is believed that soldiers who are able to

R

effectively perform these first-aid procedures under traumatic
battlefield conditions can reduce the number of preventable
combat deaths.
For Free Info Visit http://info.hotims.com/49742-504

Tactical Fighting System Simulator
Environmental Tectonics Corporation
Southampton, PA
215-355-9100
www.etcusa.com
ost fighter aircraft simulators are fixed-base, with no motion or sustained G-capability. Even those with six degree of freedom (6-DOF) motion bases provide only motion
cues and cannot replicate an authentic, sustained high-G environment. While providing useful training for cognitive
tasks, and providing some workload and environmental stressors, the devices cannot present the complete spectrum of
physical stresses inherent in actual flight operations. Thus,
current simulator training cannot effectively reproduce liveaircraft training events such as Basic Fighter Maneuvers
(BFM), Air-to-Ground Weapons Delivery, Close Air Support

M
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(CAS), Offensive/ Defensive Counter Air (OCA & DCA), Carrier Qualification (CQ) Operations, Field Carrier Landing
Practice (FCLP), and air refueling.
By combining simulation, visual, and motion technologies,
the Authentic Tactical Fighting System (ATFS-400™) overcomes simulator limitations and effectively trains pilots. Pilot
inputs command a multi-axis, high-performance motion system, which accurately produces properly aligned G forces,
whether in positive or negative G flight. The combination of
control system architecture, control laws, and flight models
provides not only the rapid-onset and sustained performance

motion of 4th- and 5th-generation fighter aircraft, but also the
true feel of the specific aircraft with Signature Technology™.
In a two-shift operation, one ATFS-400 replaces 12 to 16
aircraft sorties per day, with surge capability to higher rates, if
necessary. The ATFS-400 greatly reduces first flight risk in single-seat aircraft for new F-22 and F-35 pilots, and users train
with a F-35 Helmet Mounted Display. The aircraft training
tool can also be integrated into Distributed Mission Operations Network (DMON) for multi-ship, multi-platform training events.
For Free Info Visit http://info.hotims.com/49742-505

Ultra-Light Prototype Vehicle

C Protection – comparable to the currently fielded Mine-Resistant Ambush-Protected (MRAP) vehicles
CPrice – $250,000 each in a hypothetical 5,000-unit production run.
TARDEC’s Ground System Survivability group partnered
with non-traditional defense contractors. In only 16
months, the team moved from design to prototype. The
team produced three vehicles: two will be used for mobility, mine blast, and ballistic survivability testing, and the
third is moving into TARDEC’s Ground Systems Power
and Energy Laboratory (GSPEL) for mobility and fuel efficiency testing. Results are expected to be available in
early 2014.
The hybrid design allows for a “clean underbody”
through the elimination of various automotive components, allowing for blast-mitigation technologies to perform uninhibited during a blast event. Either of the electric
motors can power the vehicle, providing redundancy.
ULV’s final design was developed by lead contractor Hardwire
LLC (www.hardwirellc.com). Remote-mounted and remote-controlled vehicle electronics reduce
HVAC loads and create more interior space than similarly
equipped tactical vehicles.
“Clamshell” front and rear doors
open away from the B-pillar, creating a protected area for soldiers
to exit.
Interior technologies include
a crushable floating floor system that absorbs energy and decouples the crew’s feet and legs
from the steel hull. ULV also
utilizes high-strength steels and
advanced composite materials,
offering lightweight ballistic
protection.
For Free Info Visit http://
info.hotims.com/49742-507

U.S. Army Tank Automotive Research, Development and
Engineering Center (TARDEC)
Warren, MI
586-215-8763
tardec.army.mil
t the U.S. Army Tank Automotive Research, Development
and Engineering Center (TARDEC), final testing is beginning
on the Ultra Light Vehicle (ULV) Research Prototype platform.
Funded by the Office of the Secretary of Defense, the ULV
project was set up to design, develop and build three identical, lightweight tactical research prototype vehicles, emphasizing survivability for occupants and meeting four research
objectives:
CPayload – 4,500 lbs
CPerformance – at 14,000 lbs curb weight
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Electro-Optical Boresight Weapon
System

Rod Ends and Spherical
Bearings designed and
manufactured to Aurora's
exacting standards for quality
and durability.

Senso Optics
Yokneam, Israel
+972-4-993-5527
www.senso-optics.com

Registered and Certified to
ISO-9001 and AS9100.

he combat effectiveness of a weapon system depends substantially on its hit probability. The most accurate aiming occurs
when an optical device is aligned to the weapon’s bore centerline.
Senso Optics has announced the VBS-80, an electro-optical
boresight for accurately aligning sights to guns. The VBS-80
features a user-friendly interface that calibrates 7.62mm 155mm muzzle gun barrels. The boresighting system allows a
single soldier to complete the aligning procedure by utilizing
a video camera.
The VBS-80 contains an Electro-Optical module (EOU),
which aligns the optical axis with the mechanical axis. Its optical focus is fixed but can operate from 20 meters to infinity.
The socket that receives the caliber rod is fine-polish-machined
so that the caliber rod retains center accurately when dismounting and re-mounting the EOU. The VBS-80 features a
high-resolution CCD camera, electronically adjustable reticule,
and an interface to existing Fire-Control-System (FCS) displays.
For Free Info Visit http://info.hotims.com/49742-506
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Signal AHPEC Platform
GE Intelligent Platforms (Waltham, MA) has announced the
DSP281, a rugged, dual-node, quad-core 6U OpenVPX High
Performance Embedded Computing (HPEC) deployed server
platform. GE’s HPEC architecture scales from one to many
processor nodes per enclosure via RDMA-enabled InfiniBand®
and Ethernet dual port network interface cards. In addition,
system integrators can minimize card count by mapping multiple platform functions, such as control, DSP, image and
video processing and graphics, onto
one or more DSP281s.
The DSP281 is supported by GE’s
AXIS Advanced Multiprocessor Integrated Software development environment. AXISPro includes a highperformance IPC middleware and GUI for task level
programming and fast prototyping.
For Free Info Visit http://info.hotims.com/49742-513

Upmast Radar System
Kelvin Hughes (Enfield, UK)
offers a carbon composite housing for its SharpEye™ radar system. With coherent transmission and Doppler processing,
the system separates targets
from clutter, resulting in greatly improved situational awareness, even in adverse weather conditions. A lightweight antenna turning unit and transceiver housing is resistant to
shock, vibration, and corrosion. The technology also features
a low Radar Cross Section (RCS) design and a GaN-transistor
Transceiver.
SharpEye™ is an upmast system resulting in virtually no
signal loss in the interconnecting waveguide between the antenna and transceiver. The use of a synchronous motor has
removed the need for a gearbox, with the antenna rotation
rate being controlled electronically. Peak power has increased
from 200W to up to 300W.
For Free Info Visit http://info.hotims.com/49742-514

Free Info at http://info.hotims.com/49742-822
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Inductance-to-Digital Converter
Texas Instruments (Dallas, TX) unveiled an inductance-todigital converter (LDC), a new data converter category that
uses coils and springs as
inductive sensors. Inductive sensing measures the
position, motion, or
composition of a metal or conductive target, as well as detects
the compression, extension or twist of a spring.
Benefits of LDC technology include sub-micron resolution
in position-sensing applications with 16-bit resonance impedance and 24-bit inductance values; contactless sensing
that is immune to nonconductive contaminants; and less
than 8.5 mW system during standard operation. The 16-pin,
4 × 5 mm LDC1000EVM includes an MSP430F5528 microcontroller (MCU).
For Free Info Visit http://info.hotims.com/49742-515
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prototype development work, electronic instrument repair,
medical instrument repair etc.

Hunter Products Inc.
792 Partridge Drive, P.O. Box 6795
Bridgewater, NJ 08807-0795
   s &AX   
sales@hunterproducts.com

Aerospace & Defense Technology, February 2014

Free Info at http://info.hotims.com/49742-823

➮

44

Intro

Cov

ToC

+

–

A

➭

New Products

COTS Benchtop SDSI
The LibertyGT™ 1200B from
RADX Technologies (San Diego,
CA) combines RADX real-time
measurement science software
and firmware with NI PXI modules and NI LabVIEW system design software. The 1200B, a programmable benchtop Software Defined Synthetic Instrument
(SDSI), is housed in an integrated, field-service-optimized
benchtop enclosure equipped with a comprehensive RF Interface Unit (RFIU) and High-Definition (HD) touchscreen display. With its LabVIEW software framework, multicore Intel®
Core™ i7-based embedded controller and multiple Xilinx®
FPGA processing capabilities, the 1200B supports the integration of user Test Procedure Sets (TPS), user programs and
scripts via industry standard APIs, and languages such as LabVIEW, IVI, Python, and XML.
For Free Info Visit http://info.hotims.com/49742-516

Thermoelectric Air Conditioners
TECA Corporation (Chicago, IL) offers a flush-mounted
thermoelectric air conditioner. For enclosures with limited
space, flush-mounted air conditioners provide cooling without physical intrusion into the enclosure.
Environmental gasket and hardware preserve the enclosure's environmental integrity.
TECA’s “Green Zone,” or high-efficiency, model has a C.O.P. rating of 0.83. An Eco-Mode feature also uses up to 85% less energy than the active mode.
The air conditioners are configured for environments including NEMA-12, NEMA-4, and NEMA-4X. Customization is
available.
For Free Info Visit http://info.hotims.com/49742-522

Free Info at http://info.hotims.com/49742-820
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Printer Interface Unit
Sabtech (Yorba Linda, CA) has announced its new Printer
Interface Unit™ (PIU). The technology allows any commercial off-the-shelf (COTS) printer to be used in place of a militarized PT-540 or compatible printer. Sabtech’s PIU has passed
U.S. military environmental qualification tests, including
shock, vibration, temperature, humidity, electromagnetic interference (EMI), airborne noise, altitude, and drip.
A PT-540 printer can be connected directly to the compact,
fanless unit via USB or the built-in Ethernet port, and can be
located on a network with appropriate configuration. Input
power and data connectors are
plug-compatible with those on
the PT-540 printer, allowing existing cables to be easily connected. Power to the printer is
provided from the PIU, eliminating the need to run new cabling at the installation site.
For Free Info Visit http://info.hotims.com/49742-518
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Optical Backplane Interconnect
System

2014

CA

USA

New Products

TE Connectivity (Harrisburg, PA) has
released the new VITA 66.1 Ruggedized
Optical Backplane interconnect system.
The optical system is offered in both a
receptacle (backplane) and mating plug
(daughtercard) connectors, which interconnect up to two MT ferrules, each accommodating up to 24 fiber paths.
TE’s Ruggedized Optical System is
built to survive: Cycle Life (Mate/Unmate) of 100 Mates; shock levels OS1
(20G) / OS2 (40G) & Bench Handling;
and random vibration levels V1 & V2
(PSD = 0.04 G^2/Hz), V3 (PSD = 0.1
G^2/Hz).

Get an Insider’s View on the Trajectory
of Aerospace & Defense Manufacturing.
AeroDef Manufacturing 2014.

For Free Info Visit
http://info.hotims.com/49742-526

Get exclusive access to the most influential people in manufacturing
at AeroDef’s Manufacturing Intelligence Series. Over the course of
three days, you’ll have the opportunity to get insider perspectives
on mission critical issues so you can position yourself, and your
enterprise, for success.

Graphics Display Module
Curtiss-Wright Controls Defense Solutions (Ashburn, VA) has introduced a
new embedded graphics module, the
VPX3-716 3U OpenVPX™ six-head

The Manufacturing Intelligence Series includes:
- Keynote Speaker Jerry Young, Senior Director, Structural
Technology, Boeing Research & Technology
- Featured Speaker Michael F. Molnar, Director, NIST Advanced
Manufacturing Office
- Panel Discussion “3D Modeling Manufacturing World: Significant
Advancements in 3D Manufacturing as it Relates to the Future of
Aerospace & Defense”
- Access to the Take Off and AeroDef Afterburner Networking Events
- And much more!

graphics display card. The module is designed for use on deployed airborne and
ground vehicle platforms.
The VPX3-716 supports embedded
training, moving maps, Geographic Information Systems (GIS), 360 degree situational awareness, Diminished Vision
Enhancement (DVE), and other graphics- and video-intensive applications.
The module features six independent
graphics outputs, 2 GB of dedicated
video memory, and H.264 MPEG4 motion video decoders. A CoreAVI suite of
embedded software drivers includes
OpenGL graphics, OpenCL compute
driver, and H.264/MPEG 2 video decode
drivers.
For Free Info Visit
http://info.hotims.com/49742-525

Visit www.aerodefevent.com to register and for exhibitor and
sponsorship information.
MEDIA PARTNER

SUMMIT AND EXPOSITION | FEBRUARY 25–27, 2014
LONG BEACH (CA) CONVENTION CENTER | AeroDefEvent.com
EXECUTIVE COMMITTEE
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Rackmount Recorders

Interconnect Solutions

Pentek (Upper Saddle River, NJ) has introduced the Model
RTR 2728 rugged portable and the Model RTR 2748 rugged
rackmount recorders. SSD (solid state drive) storage technology achieves aggregate recording and playback rates up to 4 GBytes per second.
Systems are built on a Windows 7 Professional workstation with an Intel Core
I7 processor. The tools provide both a
GUI and API to control the system. Signal analysis tools are also
provided to allow the user to
monitor and analyze signals prior
to, during, and after a recording.
Data files include time stamping as well as recording parameters and optional GPS information. Files are stored in
the native Windows NTFS (new technology file system) format, and they can also be transferred from the system
through gigabit Ethernet, USB ports, or written to optical
disks using the built-in 8X double layer DVD±R/RW drive.
The recorder’s SSDs are configured to support numerous RAID
levels. The rackmount system is scalable to accommodate multiple chassis for more channels and higher aggregate data rates.
For Free Info Visit http://info.hotims.com/49742-524

Molex (Lisle, IL) manufactures a variety of interconnect
solutions for the aerospace
and defense industry. Their
high performance cable assemblies include a range of RF/Microwave cable assemblies
utilizing Temp-Flex® Low-Loss and Ultra Low-Loss Flexible
Cable for applications through 50 GHz. These cables are flexible alternatives to semi-rigid styles, including 0.047, 0.086
and 0.141 inch sizes. Molex can provide standard assemblies
in three-inch increments with a range of connectors including 2.92 mm, SMP, SMA, SMPM and many others.
Their ruggedized backplane cable assemblies deliver highspeed data transfer between commercial backplanes or servers,
including Impact™, Impel™, VHDM® and others, to commercial-off-the-shelf (COTS) connectors or full military-qualified interfaces. These rugged assemblies provide reliable data throughput of between 2 to 25 Gbps even in the harshest environments.
Their fiber optic technologies for aerospace and defense applications include FlexPlane™ Optical Flex Circuitry, Circular MT Assemblies, VITA 66.1 Ruggedized Optical MT Backplane Interconnect System and Optical EMI Shielding Adapters.
For Free Info Visit http://info.hotims.com/49742-517

TEMP-FLEX
HIGH
PERFORMANCE
WIRE AND
CABLE
Temp-Flex continues to perfect the art of extrusion
and material processing. Products are designed for
harsh environments and extreme conditions withstanding high temperatures, high flexure, abrasives
and corrosive chemicals while exceeding demanding
electrical performance criteria. In Stock at Heilind
Electronics; 877-711-5096 or here. http://www.
heilind.com/rpages/molex_tempflex_ntmdb

SILVER-FILLED,
LOW
OUTGASSING
EPOXY
Master Bond Supreme
10HTS is a silver-filled, one part epoxy adhesive with
high electrical conductivity and superior strength
properties. It cures to a tough thermoset and is resistant to thermal shock and vibration. Supreme 10HTS
is ideal for applications where low outgassing is
required. www.masterbond.com/tds/supreme-10hts

Master Bond Inc.

Heilind Electronics

THERMAL
CONTROL VALVE
The
Senior
Aerospace
Thermal Control Valve integrates the temperature sensing, actuation, and valve
function into a compact
package. The all-metal construction is capable of operation at temperature extremes and meets today’s higher reliability requirements. Designs may be fine-tuned
for specific actuation temperature ranges. This is ideally suited for turbine engine accessories cooling
requirements or anywhere where automatic thermal
control is required. http://www.metalbellows.com/

Senior Aerospace

Free Info at http://info.hotims.com/49742-842

CUSTOM RUBBER
MOLDING TO EXACT
SPECIFICATIONS
You probably know us best as producers of rubber molded parts.
However, you may not know that
we’ve produced many parts that
other companies considered nearly impossible to
make. Our specialty? Precision custom molded parts
at a competitive price with on time delivery.
Injection, transfer and compression molding of
Silicone, Viton, Neoprene, etc. Hawthorne Rubber
Manufacturing Corp., 35 Fourth Ave., Hawthorne,
NJ 07506; Tel: 973-427-3337, Fax: 800-643-2580,
www.HawthorneRubber.com

Hawthorne Rubber

Free Info at http://info.hotims.com/49742-843

Free Info at http://info.hotims.com/49742-845

MULTIPHYSICS
SIMULATION
PAPERS AND
PRESENTATIONS

A WORLD OF FIBER OPTIC
SOLUTIONS

FT1/E1 & T3/E3 Modems, WAN
FRS-232/422/485 Modems and Multiplexers
F$>;25.A?$, Modbus
F@41>:1@LANs
F)501; A05; A.? %1<1-@1>?
FUSB Modem and Hub
FHighly shielded Ethernet, USB (Tempest Case)
F&#
http://www.sitech-bitdriver.com/

Browse over 700 papers,
posters, and presentations
from
the
COMSOL
Conference, the world’s
largest event for multiphysics simulation. At this
event, over 2,000 engineers share their innovative
research in the electrical, mechanical, fluid, and
chemical applications. Explore the innovative
research presented at the COMSOL Conference
2013 at www.comsol.com/ntblit

COMSOL, Inc.

S.I. Tech

Free Info at http://info.hotims.com/49742-841

Free Info at http://info.hotims.com/49742-844
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Make the Connection
Find the simple way through complex
EM systems with CST STUDIO SUITE
Components don’t exist in electromagnetic
isolation. They inﬂuence their neighbors’
performance. They are affected by the
enclosure or structure around them. They
are susceptible to outside inﬂuences.
With System Assembly and Modeling,
CST STUDIO SUITE helps optimize
component and system performance.

RCS & Surface Current Simulation
of a Helicopter

Working in aerospace and defense?
You can read about how CST technology was used to simulate the RCS &
surface currents of this helicopter at
www.cst.com/heli.

If you’re more interested in ﬁlters, couplers,
planar and multilayer structures, we’ve a
wide variety of worked application examples
live on our website at www.cst.com/apps.
Get the big picture of what’s really going
on. Ensure your product and components
perform in the toughest of environments.
Choose CST STUDIO SUITE –
Complete Technology for 3D EM.

CST of America®, Inc. | To request literature, call (508) 665 4400 | www.cst.com
Free Info at http://info.hotims.com/49742-824
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COMSOL 4.4
Now Available!

www.comsol.com/4.4

POWER SUPPLY COOLING: Simulation of the thermal
behavior of an enclosed computer power supply unit.

VERIFY AND OPTIMIZE YOUR DESIGNS WITH

COMSOL MULTIPHYSICS

®

Multiphysics tools let you build simulations that accurately
replicate the important characteristics of your designs. The
key is the ability to include all physical effects that exist in
the real world. To learn more about COMSOL Multiphysics,
visit www.comsol.com/introvideo

Product Suite
COMSOL Multiphysics
ELECTRICAL
AC/DC Module
RF Module
Wave Optics Module
MEMS Module
Plasma Module
Semiconductor Module

FLUID
CFD Module
Mixer Module
Microﬂuidics Module
Subsurface Flow Module
Pipe Flow Module
Molecular Flow Module

MULTIPURPOSE
Optimization Module
Material Library
Particle Tracing Module

MECHANICAL
Heat Transfer Module
Structural Mechanics Module
Nonlinear Structural Materials Module
Geomechanics Module
Fatigue Module
Multibody Dynamics Module
Acoustics Module

CHEMICAL
Chemical Reaction Engineering Module
Batteries & Fuel Cells Module
Electrodeposition Module
Corrosion Module
Electrochemistry Module

INTERFACING
LiveLink™ for MATLAB®
LiveLink™ for Excel®
CAD Import Module
ECAD Import Module
LiveLink™ for SolidWorks®
LiveLink™ for SpaceClaim®
LiveLink™ for Inventor®
LiveLink™ for AutoCAD®
LiveLink™ for Creo™ Parametric
LiveLink™ for Pro/ENGINEER®
LiveLink™ for Solid Edge®
File Import for CATIA® V5

© Copyright 2013–2014 COMSOL. COMSOL, COMSOL Multiphysics, Capture the Concept, COMSOL Desktop, and LiveLink are either registered trademarks or trademarks of COMSOL AB. All other trademarks are the property of their respective owners, and COMSOL AB and
MXWWYFWMHMEVMIWERHTVSHYGXWEVIRSXEJ½PMEXIH[MXLIRHSVWIHF]WTSRWSVIHF]SVWYTTSVXIHF]XLSWIXVEHIQEVOS[RIVW*SVEPMWXSJWYGLXVEHIQEVOS[RIVWWII[[[GSQWSPGSQXVEHIQEVOW
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